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Technology Focus: Test & Measurement 


& Instrument for Analysis of Greenland’s Glacier Mills 

NASA s Jet Propulsion Laboratory, Pasadena , California 


A new instrument is used to study the 
inner workings of Greenland’s glacier 
mills by riding the currents inside a glac- 
ier’s moulin. The West Greenland 
Moulin Explorer instrument was de- 
ployed into a tubular shaft to au- 
tonomously record temperature, pres- 
sure, 3D acceleration, and location. It is 
built with a slightly positive buoyancy in 
order to assist in recovery. 

The unit is made up of several com- 
ponents. A 3-axis MEMS (microelectro- 
mechanical systems) accelerometer 
with 0.001-g resolution forms the base 


of the unit. A pressure transducer is 
added that is capable of withstanding 
500 p si («3.4 MPa), and surviving down 
to -40 °C. An Iridium modem sends 
out data every 10 minutes. The loca- 
tion is traced by a GPS (Global Posi- 
tioning System) unit. This GPS unit is 
also used for recovery after the mis- 
sion. Power is provided by a high -ca- 
pacity lithium thionyl chloride Dnsized 
battery. The accelerometer is housed 
inside a cylindrical, foot-long («30 cm) 
polyvinyl chloride (PVC) shell sealed at 
each end with acrylic. The pressure 


transducer is attached to one of these 
lids and a MEMS accelerometer to the 
other, recording 100 samples per sec- 
ond per axis. 

This work was done by Alberto E. Behar, 
JaretB. Matthews, and Hung B. Tran of the 
Jet Propulsion Laboratory; Konrad Steffen, 
Dan McGrath, and Thomas Phillips of the 
Un iversity of Colorado Boulder; and summer 
students Andrew Elliot, Sean O’Hem, Colin 
Lutz, Sujita Martin, and Henry Wang for 
NASA’s Jet Propulsion Laboratory. Further 
information is contained in a TSP (seepage 
If NP046514 


©Cryogenic Moisture Apparatus 

Testing for moisture uptake in materials can be performed under standardized cryogenic conditions. 

John F. Kennedy Space Center, Florida 


The Cryogenic Moisture Apparatus 
(CMA) is designed for quantifying the 
amount of moisture from the surround- 
ing air that is taken up by cryogenic- 
tank-insulating material specimens 
while under typical conditions of use. 
More specifically, the CMA holds one 
face of the specimen at a desired low 
temperature (e.g., the typical liquid-ni- 
trogen temperature of 77 K) while the 
opposite face remains exposed to 
humid air at ambient or near-ambient 
temperature. The specimen is weighed 
before and after exposure in the CMA. 
The difference between the “after” and 
‘before” weights is determined to be the 
weight of moisture absorbed by the 
specimen. 

Notwithstanding the term “cryogenic,” 
the CMA is not limited to cryogenic appli- 
cations: the low test temperature can be 
any temperature below ambient, and the 
specimen can be made of any material af- 
fected by moisture in air. The CMA is es- 
pecially well suited for testing a variety of 
foam insulating materials, including those 
on the space -shuttle external cryogenic 
tanks, on other cryogenic vessels, and in 
refrigerators used for transporting foods, 
medicines, and other perishables. Testing 
is important because absorbed moisture 
not only adds weight but also, in combina- 
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The Cryogenic Moisture Apparatus imposes a low temperature on a central portion of the upper face 
of the specimen while the bottom face of the specimen isexposed to moist air at ambient or near-am- 
bient temperature. This is a simplified view. 
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tion with thermal cycling, can contribute 
to damage that degrades insulating per- 
formance. Materials are changed inter- 
nally when subjected to large sub -ambient 
temperature gradients. 

The CMA(see figure) includes a cold 
mass in the form of an insulated vessel 
filled with liquid nitrogen or other suit- 
able liquid at a desired below-ambient 
temperature. The 200-mm diameter 
specimen is placed over an opening on 
the top of an environmental chamber, 
wherein a temperature of 293 Kand rel- 
ative humidity of 90 percent are main- 


tained in still air at ambient atmospheric 
pressure. The cold mass is placed atop 
the specimen, and a 152-mm-diameter 
cold surface at the bottom of the cold 
mass makes contact with the top surface 
of the specimen. The bottom surface of 
the specimen is exposed to the atmos- 
phere inside the environmental cham- 
ber. Temperatures at the top and bottom 
surfaces of the specimen are measured 
by thermocouples and are monitored 
and recorded. The cold mass includes 
features that guard the outer edge sur- 
face of the specimen against substantial 


heat leakage and against intrusion of 
moisture so that the uptake of water or 
ice occurs only or primarily in the verti- 
cal, through -the -thickness direction. A 
typical test run lasts 8 hours from the be- 
ginning of cooldown, but test time can 
be changed as needed to achieve steady- 
state uptake of moisture. 

This work was done by James Fesmire, Trent 
Smith, Robert Breakfield, and Kevin Boughner 
of Kennedy Space Center and Kenneth Heckle 
and Barry Meneghelli of Sierra Lobo, Inc Fur- 
ther information is contained in a TSP (see 
page 1).KSC-1 3049 


© A Transportable Gravity Gradiometer Based on Atom 
Interferometry 

Gravity field mapping technology enables more detailed study of dynamic Earth processes like 
climate change. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A transportable atom interferometer- 
based gravity gradiometer has been de- 
veloped at JPL to carry out measure- 
ments of Earth’s gravity field at ever 
finer spatial resolutions, and to facilitate 
high -resolution monitoring of temporal 
variations in the gravity field from 
ground- and flight-based platforms. Ex- 
isting sate llite -based gravity missions 
such as CE1AMP and GRACE measure 
the gravity field via precise monitoring 
of the motion of the satellites; i.e. the 
satellites themselves function as test 
masses. JPL’s quantum gravity gra- 
diometer employs a quantum phase 
measurement technique, similar to that 
employed in atomic clocks, made possi- 
ble by recent advances in laser cooling 
and manipulation of atoms. This meas- 
urement technique is based on atom- 
wave interferometry, and individual 
laser-cooled atoms are used as drag-free 
test masses. 

The quantum gravity gradiometer em- 
ploys two identical atom interferometers 
as precision accelerometers to measure 
the difference in gravitational accelera- 
tion between two points (Figure 1). By 
using the same lasers for the manipula- 
tion of atoms in both interferometers, 
the accelerometers have a common ref- 
erence frame and non-inertial accelera- 
tions are effectively rejected as common- 
mode noise in the differential 
measurement of the gravity gradient. As 
a result, the dual atom interferometer- 
based gravity gradiometer allows gravity 
measurements on a moving platform, 



Figure 1. As shown in the schematic of the Atom 
Interferometer- Based Gravity Gradiometer, the 
dual atom interferometers measure the gravity 
gradient over the measurement baseline d. The 
platform accelerations a p are effectively can- 
celled in the differential measurement. (Tisthe 
time between pulses, /c e ff is the effective Raman 
laser wave number, and g is gravitational accel- 
eration.) 



Figure 2. The photograph shows the Quantum 
Gravity Gradiometer in the laboratory. The mag- 
netic shields around the lower atom interferom- 
eter have been removed for clarity. 
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while achieving the same longterm sta- 
bility of the best atomic clocks. 

In the laboratory-based prototype (Fig- 
ure 2), the cesium atoms used in each 
atom interferometer are initially col- 
lected and cooled in two separate mag- 
neto-optic traps (MOTs). Each MOT, 
consisting of three orthogonal pairs of 
counter-propagating laser beams cen- 
tered on a quadrupole magnetic field, 
collects up to 10 9 atoms. These atoms are 
then launched vertically as in an “atom 
fountain” by switching off the magnetic 
field and introducing a slight frequency 
shift between pairs of lasers to create a 
moving rest frame for the trapped atoms. 
While still in this movingTf am e molasses, 
the laser frequencies are further de- 
tuned from the atomic resonance (while 
maintaining this relative frequency shift) 


to cool the atom cloud’s temperature to 
2 pK or below, corresponding to an rms 
velocity of less than 2 cm/ s. After launch, 
the cold atoms undergo further state and 
velocity selection to prepare for atom in- 
terferometry. The atom interferometers 
are then realized using laserTnduced 
stimulated Raman transitions to perform 
the necessary manipulations of each 
atom, and the resulting interferometer 
phase is measured using laser-induced 
fluorescence for statemormalized detec- 
tion. More than 20 laser beams with in- 
dependent controls of frequency, phase, 
and intensity are required for this meas- 
urement sequence. 

This instrument can facilitate the 
study of Earth’s gravitational field from 
surface and air vehicles, as well as from 
space by allowing gravity mapping from 


a low-cost, single spacecraft mission. In 
addition, the operation of atom inter- 
ferometer-based instruments in space 
offers greater sensitivity than is possible 
in terrestrial instruments due to the 
much longer interrogation times avail- 
able in the microgravity environment. 
A space-based quantum gravity gra- 
diometer has the potential to achieve 
sensitivities similar to the GRACE mis- 
sion at long spatial wavelengths, and 
will also have resolution similar to 
GOCE for measurement at shorter 
length scales. 

This work was done by Nan Yu, Robert J 
Thompson, James R. Kellogg, David C. Ave- 
line, Lute Maleki, and James M. Kohd of 
Caltech for NASA s Jet Propulsion Laboratory. 
Further information is contained in a TSP 
(seepage 1). NPO-46280 


Three Methods of Detection of Hydrazines 

Concentrations could be measured more accurately than in prior methods. 



Hydrazine Derivative Molecules would be desorbed from the substrate and ionized by a micro-elec- 
trospray. The resulting hydrazine derivative ions would be detected by a mass spectrometer. 


John F Kennedy Space Center, Florida 

Three proposed methods for measur- 
ing trace quantities ofhydrazines involve 
ionization and detection of hydrazine 
derivatives. These methods are intended 
to overcome the limitations of prior hy- 
drazine-detection methods. 

Hydrazine (Hz), monomethylhy- 
drazine (MMH), and unsymmetrical di- 
me th ylhydrazine (UDMH) are hyper- 
go lie fuels and are highly reactive, 
toxic, and corrosive. A capability to 
measure concentrations of hydrazines 
is desirable for detecting leaks and en- 
suring safety in aerospace settings and 
in some industrial settings in which 
these compounds are used. One of the 
properties (high reactivity) that make 
it desirable to detect trace amounts of 
hydrazines also makes it difficult to de- 
tect hydrazines and measure their con- 
centrations accurately using prior 
methods: significant amounts are lost 
to thermal and catalytic decomposition 
prior to detection. Further complica- 
tions arise from the “sticky” nature of 
hydrazines: Sample hydrazine mole- 
cules tend to become irreversibly ad- 
sorbed onto solid surfaces with which 
they come into contact during trans- 
port to detectors, giving rise to drift in 
detector responses. 

In each proposed method, the reac- 
tive, sticky nature of hydrazines would 
be turned to advantage by providing a 
suitably doped substrate surface with 


which the hydrazines would react. The 
resulting hydrazine derivatives would be 
sufficiently less sticky and sufficiently 
more stable so that fewer molecules 
would be lost to decomposition or ad- 
sorption during transport. Con- 
sequently, it would be possible to meas- 
ure concentration with more sensitivity 
and less error than in prior techniques. 

The first proposed method calls for the 
use of a recently developed technique 


known as desorption electrospray ioniza- 
tion (DESI), in which a pneumatically as- 
sisted micro-electrospray at ambient pres- 
sure is directed at a surface of interest. In 
this case, the surface of interest would be 
that of a substrate described above. The 
impingement of the electrically charged 
micro-droplets in the spray upon the sub- 
strate would dislodge and ionize the hy- 
drazine derivative molecules, giving rise 
to stable ejected hydrazine derivative 
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ions, which would then be detected and 
quantitated by use of a mass spectrome- 
ter, ion -mobility spectrometer, or other 
suitable instrument (see figure). 

The second proposed method calls 
for the use of another recently devel- 
oped technique known as desorption 
atmospheric-pressure chemical ioniza- 
tion (DAPCI), in which an atmos- 
pheric-pressure corona discharge in 
the vapor of toluene or another suit- 
able compound is used to generate 
projectile ions. In this case, the ions 
would be made to impinge on the sub- 
strate, with consequent ejection and 


ionization of stable hydrazine deriva- 
tive ions as described above. Again, as 
described above, the hydrazine deriva- 
tive ions would be detected and quanti- 
tated by use of a mass spectrometer, 
ion-mobility spectrometer, or other 
suitable instrument. 

In the third proposed method, one 
would use yet another recently devel- 
oped desorption -and ionization tech- 
nique known as direct analysis in real 
time (DART). In this technique, a 
plasma containing excitednstate atoms 
and ions is formed in a gas (e.g., helium 
or nitrogen) that has a high ionization 


potential. The excited -state atoms and 
ions impinge on the surface of a solid 
sample, causing desorption of low-molec- 
ular weight molecules from the sample. 
In the proposed method, the sample 
would be the substrate, from which the 
hydrazine derivative molecules would be 
desorbed. The desorbed hydrazine deriv- 
ative molecules would then be ionized 
and detected as described above. 

This work was done by Timothy Griffin of 
Kennedy Space Center and Cristina Berger of 
A SRC Aerospace Corp. Further information is 
contained in a TSP (see page 1). KSC- 
13121/2/3 


Crossed, Small-Deflection Energy Analyzer for 
Wind/ Temperature Spectrometer 

This analyzer has application in improving the predictability of GPS operations. 

Goddard Space Right Center, Green belt, Maryland 



Figure 1. Drawing of the Crossed SDEA WTS assembled and in separate parts. 


Determination of neutral winds and 
ion drifts in low-Earth-orbit missions re- 
quires measurements of the angular 
and energy distributions of the flux of 
neutrals and ions entering the satellite 
from the ram direction. The magnitude 
and direction of the neutral-wind (or 
ion-drift) determine the location of the 
maximum in the angular distribution of 
the flux. Knowledge of the angle of 
maximum flux with respect to satellite 
coordinates (pointing) is essential to de- 
termine the wind (or ion -drift) vector. 

The crossed Small-Deflection Energy 
Analyzer (SDEA) spectrometer (see Fig- 
ure 1) occupies minimal volume and 
consumes minimal power. Designed for 
upper atmosphere/ ionosphere investi- 
gations at Earth altitudes above 100 km, 
the spectrometer operates by detecting 
the angular and energy distributions of 
neutral atoms/ molecules and ions in 
two mutually perpendicular planes. In 
this configuration, the two detection 
planes actually cross at the spectrometer 
center. It is possible to merge two SDEAs 
so they share a common optical axis and 
alternate measurements between two 
perpendicular planes, and reduce the 
number of ion sources from two to one. 
This minimizes the volume and foot- 
print significantly and reduces the ion 
source power by a factor of two. The 
area of the entrance aperture affects the 
number of ions detected/ second and 
also determines the energy resolution. 

Thermionic emitters require heater 
power of about 100 mW to produce 1 


mA of electron beam current. Typically, 
electron energy is about 100 eV and re- 
quires a 100-V supply for electron accel- 
eration to supply an additional 100 mW 
of power. Thus, ion source power is at 
most 200 m W. If two ion sources were to 
be used, the ion source power would be, 
at most, 400 mW. Detector power, de- 
flection voltage power, and microcon- 
troller and other functions require less 
than 150 mW. A WTS (wind/ tempera- 
ture spectrometer) with two separate 
optical axes would consume about 650 
mW, while the crossed SDEA described 
here consumes about 350 mW. 



Figure 2. Photo of the Actual Crossed SDEA WTS 

when it was delivered for integration in NRL's 
ANDE Satellite. 
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The entrance aperture has a diameter 
of 0.004 in. (0.10 mm) to provide the re- 
quired energy resolution between 0.05 
and 0.15. This design (see Figure 2) pro- 
vides a WTS occupying a volume less 
than 40 cm 3 , on a footprint of diameter 
about 1.5 in. (38 mm). 

The Crossed SDEA offers many advan- 
tages in the measurements of neutral wind 


and ion drifts in the Earth’s thermosphere. 
As such, it will be useful in future commer- 
cial satellites dedicated to monitoring the 
ionosphere with a view to improving the in- 
tegrity and predictability of GPS operations. 

This work was don e by Federico A . Herrero 
of Goddard Space Flight Center and 
Theodore T. Finne of the Naval Research 
Laboratory. For further information, contact 


the Goddard Innovative Partnerships Office 
at (301) 286-5810. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should bead- 
dressed to the Patent Counsel, Goddard Space 
Flight Center, (301)286-7351. Refer to GSC- 
15732-1. 
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Electronics/ Computers 


Whvefront Correction for Large, Flexible Antenna Reflector 

NASA's Jet Propulsion Laboratory, Pasadena , California 


A wavefront-correction system has 
been proposed as part of an outer^space 
radio communication system that would 
include a large, somewhat flexible main 
reflector antenna, a smaller subreflector 
antenna, and a small array feed at the 
focal plane of these two reflector anten- 
nas. Part of the wavefront-correction sys- 
tem would reside in the subreflector, 
which would be a planar patch-element 
r e fie ctar ray antenna in which the phase 
shifts of the patch antenna elements 
would be controlled via microelectro- 
mechanical systems (MEMS) radio-fre- 
quency(RF) switches. The system would 


include the following sen sin g-and -com- 
puting subsystems: 

• An optical photogrammetric subsys- 
tem built around two cameras would 
estimate geometric distortions of the 
main reflector; 

• A second subsystem would estimate 
wavefront distortions from amplitudes 
and phases of signals received by the 
array feed elements; and 

• A third subsystem, built around small 
probes on the subreflector plane, 
would estimate wavefront distortions 
from differences among phases of sig- 
nals received by the probes. 


The distortion estimates from the 
three subsystems would be processed to 
generate control signals to be fed to the 
MEMS RF switches to correct for the dis- 
tortions, thereby enabling collimation 
and aiming of the received or transmitted 
radio beam to the required precision. 

This work was done by William A. Imbri- 
ale and Vahraz Jamnejad of Caltech and 
Yahya Rahmat-Samii, Harish Ra- 
jagopalan , and ShenhengXu of the Univer- 
sity of California Los Angeles , for NASA’s 
Jet Propulsion Laboratory. Further informa- 
tion is contained in a TSP (seepage 1). NPO- 
46053 


Novel Micro strip-to -Wave guide Feed Employing a 
Double-Y Junction 

This feed is useful for low-cost measurements involving waveguides up to X-band. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 

Previous micro strip -to -waveguide 

transitions either required a hermeti- 
cally sealed waveguide configuration, or 
a balun that needed to be tuned accord- 
ing to the frequency band of interest. In 
this design, the balun is realized using a 
double-Yjunction to transition from mi- 
cro strip to cop lan ar strip feeding a 
quasi Ahgi dipole array (see figure). The 
length of the feed (Lf) extending into 
the waveguide is 15.54 mm. The length 
of the ground plane below the ULTRA- 
LAM substrate is 7.75 mm. The lengths 
Li, L2, and L3 are 8.50 mm, 4.38 mm, 
and 2.14 mm, respectively. These 
lengths were computed via a prelimi- 
nary optimization aimed at improving 
the return loss at the band edges. 

The waveguide feed was designed to 
excite the TE10 mode in a WR-90 wave- 
guide, and to operate over the recom- 
mended frequencies of 8.2 to 12.4 GHz. 

The feed employs a Rogers 6010 sub- 
strate (dielectric constant £,- * 10.2) 
bonded with a Rogers ULTRALAM sub- 
strate (e r * 2.5). The ULTRALAM sub- 
strate serves to provide mechanical 
strength for 6010 substrate, and to miti- The Microstrip-to-Waveguide (WR-90) Transition employing double-Y balun and modeled in HFSS. 
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gate loses due to parasitic modes (the 
ground plane is etched on the bottom of 
this layer due to the topology of the dou- 
ble -Ybalun). 

The double-Y balun transitioning 
from an unbalanced micro strip line to 
a balanced cop lan ar strip (CPS) line 
does not provide inherent impedance 
transformation; hence, Klopfenstein 
impedance tapers were synthesized to 
transition from 50 to 77 £2 in the mi- 
crostrip section and from 77 to 1 10 £2 in 
the CPS section. At the balun junction, 
the CPS stub lengths were chosen such 
that the A J 8 resonance is pushed out- 


side the bandwidth of operation. Also, 
the smallest allowable conductor width 
and gap spacing were chosen to meet 
acceptable manufacturing tolerances. 

The micro strip -to -wave guide transi- 
tion has been analyzed numerically 
using a commercial 3D finite -element 
electromagnetic solver. The WR-90 
waveguide (10.16x22.86x25.56 mm) was 
modeled as an air box. The 6010 and 
ULTRALAM substrates were modeled to 
account for dielectric losses. The mi- 
crostrip section of the waveguide feed 
was excited using a 50-£2 lumped port; 
the output face of the waveguide was 


modeled as a wave port. The waveguide 
achieves maximum insertion loss of 0.84 
dB, and a minimum insertion loss of 
0.32 dB from 8.0 to 12.4 GHz with the 
ULTRALAM substrate and additional 
ground. The resulting insertion loss at 
the band edges is significantly lower. 
Further improvement in the insertion 
loss of the waveguide feed can poten- 
tially be obtained with continued nu- 
merical optimization. 

This work was done by Jdikrishna Venkate- 
san of Caltech for NASA's Jet Propulsion Labo- 
ratory. Further information is contained in a 
TSP (seepage If NPOA2667 


Thin-Fllm Ferroelectric-Coupled Micro strip line Phase Shifters 
With Reduced Device Hysteresis 

These are useful for electronically steerable ferroelectric reflectarray antennas. 

John H. Glenn Research Center, Cleveland, Ohio 


This work deals with the performance 
of coupled micro strip line phase shifters 
(CMPS) fabricated using Ba x Sri_^Ti 03 
(BST) ferroelectric thin films. The 
CMPS were fabricated using commer- 
cially available pulsed laser deposition 
BST films with Ba:Sr ratios of 30:70 and 
20:80. Microwave characterization of 
these CMPS was performed at upper Ku- 
band frequencies, particularly at fre- 
quencies near 16 and 18 GHz. X-ray dif- 
fraction studies indicate that the 30:70 
films exhibit almost a 1:1 ratio between 
the in -plane and out-of-plane lattice pa- 
rameters, suggesting that their cubics 
create strain -free films suitable for pro- 
ducing CMPS devices with reduced hys- 
teresis in the paraelectric state. 

The quality of performance of the 
CMPS was studied based on their relative 
phase shift (A<|> = <|>ov, where n= 0 to 

400 volts DC) and insertion loss within the 
DC bias range of 0 to 400 V (i.e., E-field 
ranges within 0 to 53 V/ pm). The per- 
formance of the CMPS was tested as a 
function of temperature to investigate 


their operation in the paraelectric, as well 
as in the ferroelectric, state (i.e., above 
and belowthe Curie temperature, respec- 
tively). The novel behavior discussed here 
is based on the experimental observation 
of the CMPS. Remarkably, these devices 
were hysteresis4fee in the paraelectric 
state, and only showed A<|) hysteresis while 
performing in the ferroelectric state. This 
behavior, observed for the aforemen- 
tioned cation ratio, highlights the rele- 
vance of good crystalline structure for 
high-quality CMPS. 

Elimination of A<|> hysteresis is essential 
for practical microwave applications such 
as voltage-controlled oscillators and 
beamnsteerable devices, particularly elec- 
tronically steerable phased array anten- 
nas, which require accurate phase shift 
versus tuning voltage profiles for reliable 
operation. Accordingly, the optimization 
of the interplay among film microstruc- 
ture, Ba content, and dielectric constant 
is critical for reliable CMPS devices. The 
origin of hysteresis is most likely related 
to fixed charges and ferroelectric domain 


phenomena in the ferroelectric state, as 
well as remnant ferroelectric domains in 
the paraelectric state. Consequently, to 
achieve minimum device hysteresis in the 
paraelectric domain, the BST films se- 
lected for the CMPS devices should be of 
optimal film composition [i.e., FWHM 
(full width at half maximum) < 0.05°], 
with minimum film strain (i.e., in -plane 
to out-of-plane lattice parameters ratio as 
close as possible to 1), and moderate val- 
ues of dielectric constant («800 at V= 0) 
to enable acceptable tun ability at man- 
ageable insertion losses. 

This work was done by Felix A. Miranda 
and Robert Romanqfsky of Glenn Research 
Center, Carl H. Mueller of Qinetiq North 
America, and Frederick Van Keuls cf Ohio 
Aerospace Institute Further information is 
contained in a TSP (seepage 1). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Innovative 
Partnerships Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brockpark Road, Cleve- 
land, Ohio 44135. Refer to LEW-1 8 37 0-1. 


Two-Stage, 90-GHz, Low-Noise Amplifier 

NASA's Jet Propulsion Laboratory, Pasadena , California 


A device has been developed for co- 
herent detection of the polarization of 
the cosmic microwave background 
(CMB). A two-stage amplifier has been 
designed that covers 75-110 GHz. The 


device uses the emerging 35mm InP 
HEMT technology recently developed 
at Northrop Grumman Corporation pri- 
marily for use at higher frequencies. 
The amplifier has more than 18 dB gain 


and less than 35 K noise figure across 
the band. 

These devices have noise less than 30 
Kat 100 GHz. The development started 
with design activities at JPL, as well as 


12 


NASA Tech Briefs, May 2010 


characterization of multichip modules 
using existing InP. Following processing, 
a test campaign was carried out using 
single -chip modules at 100 GHz. Suc- 
cessful development of the chips will 
lead to development of multichip mod- 
ules, with simultaneous Q and U Stokes 
parameter detection. 


ThisMMIC (monolithic microwave in- 
tegrated circuit) amplifier takes advan- 
tage of performance improvements in- 
tended for higher frequencies, but in 
this innovation are applied at 90 GHz. 
The large amount of available gain ulti- 
mately leads to lower possible noise per- 
formance at 90 GHz. 


This work was done by LoreneA. Samoska, 
Todd C. Gaier, Stephanie Xenos, Mary M. 
Soria, Pdcka P. Kangaslahti, and Kieran A. 
Cleary of Caltech; and Linda Ferreira, Richard 
Lai and Xiaobing Md of Northrop Grumman 
Corporation for NASA s Jet Propulsion Labora- 
tory. Further information is contained in a 
TSP (seepage 1). NPOA6627 


A311-GHz Fundamental Oscillator Using InP HBT Technology 

This is the first fundamental HBT oscillator operating above 300 GHz. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


This oscillator uses a single -emitter 
0.3-pm InP heterojunction bipolar 
transistor (HBT) device with maximum 
frequency of oscillation (/^ ax ) greater 
than 500 GHz. Due to high conductor 
and substrate losses at submillimeter- 
wave frequencies, a primary challenge 
is to efficiently use the intrinsic device 
gain. This was done by using a suitable 
transmission -line media and circuit 
topology. The passive components of 
the oscillator are realized in a two- 
metal process with benzocyclobutene 
(BCB) used as the primary transmis- 
sion line dielectric. The circuit was de- 
signed using micro strip transmission 
lines. 

The oscillator is implemented in a 
common-base topology due to its in- 
herent instability, and the design in- 
cludes an on-chip resonator, output- 
matching circuitry, and an 
injection To eking port, the port being 
used to demonstrate the injection -lock- 
ing principle. A free-running fre- 
quency of 311.6 GHz has been meas- 
ured by down -converting the signal. 
Additionally, injection locking has 


been successfully demonstrated with 
up to 17.8 dB of injection -locking gain. 
The inject ion -locking reference signal 
is generated using a 2-20 GHz fre- 
quency synthesizer, followed by a dou- 
bler, active tripler, a W-band amplifier, 
and then a passive tripler. Therefore, 
the source frequency is multiplied 18 
times to obtain a signal above 300 GHz 
that can be used to injection lock the 
oscillator. Measurement shows that in- 
jection locking has improved the 
phase noise of the oscillator and can 
be also used for synchronizing a series 
of oscillators. 

A signal conductor is implemented 
near the BCP-InP interface and the 
topside of the BCB layer is fully metal- 
lized as a signal ground. Because the 
fields are primarily constrained in the 
lower permittivity BCB region, this 
type of transmission line is referred to 
as an inverted microstrip. In addition, 
both common-emitter and common- 
base circuits were investigated to de- 
termine optimum topology for oscilla- 
tor design. The common-base 
topology required smaller amount of 


feedback than the common-emitter 
design, therefore preserving device 
gain, and was chosen for the oscillator 
design. 

The submillimeter-wave region offers 
several advantages for sensors and com- 
munication systems, such as high resolu- 
tion and all-weather imaging due to the 
short-wavelength, and improved com- 
munication speeds by access to greater 
frequency bandwidth. This oscillator cir- 
cuit is a prototype of the first HBT oscil- 
lator operating above 300 GHz. Addi- 
tional development is necessary to 
increase the output power of the circuit 
for radar and imaging applications. 

This work was done by Todd Gaier, King 
Man Fung and Loren e Samoska of Caltech 
and Vesna Radisic, Donald Sawdai, Dennis 
Scott, and W.R. Deal of Northrop Grumman 
Corporation for NASA's Jet Propulsion Labora- 
tory. This work was partially supported by the 
DARPA SWIFT Program and Army Research 
Laboratory. For more information, download 
the Technical Support Package (free white 
paper) at www.tedibriefs.com/tsp under the 
Electronics/ Computers category. NPOA4968 


FPGA Coprocessor Design for an Onboard Multi-angle Spectro- 
Polarimetric Imager 

NASA s Jet Propulsion Laboratory, Pasadena , Califom ia 


A multi-angle sp ectro -polar imetric im- 
ager (MSPI) is an advanced camera sys- 
tem currently under development at JPL 
for possible future consideration on a 
sate llite -based Aerosol-Cloud-Environ- 
ment (ACE) interaction study. The light 
in the optical system is subjected to a 
complex modulation designed to make 
the overall system robust against many 
instrumental artifacts that have plagued 


such measurements in the past. This 
scheme involves two photoelastic modu- 
lators that are beating in a carefully se- 
lected pattern against each other. In 
order to properly sample this modula- 
tion pattern, each of the proposed nine 
cameras in the system needs to read out 
its imager array about 1,000 times per 
second. The onboard processing re- 
quired to compress this data involves 


least-squares fits (LSFs) of Bessel func- 
tions to data from every pixel in real- 
time, thus requiring an onboard com- 
puting system with advanced data 
processing capabilities in excess of those 
commonly available for space flight. 

As a potential solution to meet the 
MSPI onboard processing requirements, 
an LSF algorithm was developed on the 
Xilinx Virtex-4FX60 field programmable 
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gate array (FPGA). In addition to config- 
urable hardware capability, thisFPGAin- 
cludes Power-PC405 microprocessors, 
which together enable a combination 
hardware/ software processing system. 

A laboratory demonstration was car- 
ried out based on a hardware/ soft- 
ware co-designed processing architec- 


ture that includes hardware -based 
data collection and leastnsquares fit- 
ting (computationally), and software- 
based transcendental function compu- 
tation (algorithmically complex) on 
the FPGA. Initial results showed that 
these calculations can be handled 
using a combination of the Virtex- 


4TM Power-PC core and the hardware 
fabric. 

This work was done by Pan la J Pin gee and 
Thomas A. Weme of Caltech for NASA's Jet 
Propulsion Laboratory. For more information, 
con tact iaofficrfajpl. nasa. gov. NPOA661 4 
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Manufacturing & Prototyping 


SSerrating Nozzle Surfaces for Complete Transfer of Droplets 

Droplets having consistent volumes can be deposited by soft-printing micro fluidic devices. 

Ames Research Center, Moffett Reid, California 



Micromachined Serrations on a nozzle surface reduce the liquid/solid contact area, thereby reducing 
the liquid/solid surface energy and thereby, further, reducing the liquid/nozzle attraction sufficiently 
to enable complete transfer of a liquid droplet from the nozzle to a nearby print surface. 


A method of ensuring the complete 
transfer of liquid droplets from nozzles 
in microfluidic devices to nearby sur- 
faces involves relatively simple geomet- 
ric modification of the nozzle surfaces. 
The method is especially applicable to 
nozzles in print heads and similar de- 
vices required to dispense liquid 
droplets having precise volumes. Exam- 
ples of such devices include heads for 
soft printing of ink on paper and heads 
for depositing droplets of deoxyribonu- 
cleic acid (DNA) or protein solutions on 
glass plates to form microarrays of spots 
for analysis. 

The main purpose served by the pres- 
ent method is to ensure that droplets 
transferred from a nozzle have consis- 
tent volume, as needed to ensure accu- 
racy in micro array analysis or consistent 
appearance of printed text and images. 
In soft printing, droplets having consis- 
tent volume are generated inside a print 
head, but in the absence of the present 
method, the consistency is lost in print- 
ing because after each printing action 
(in which a drop is ejected from a noz- 
zle), a small residual volume of liquid re- 
mains attached to the nozzle. 

Byproviding for complete transfer of 
droplets (and thus eliminating residual 
liquid attached to the nozzle) the 
method ensures consistency of volume 
of transferred droplets. An additional 
benefit of elimination of residue is pre- 
vention of cross-contamination among 
different liquids printed through the 
same nozzle — a major consideration 
in DNA microarray analysis. The 
method also accelerates the printing 
process by minimizing the need to 
clean a printing head to prevent cross- 
contamination. 

Soft printing involves a hydrophobic 
nozzle surface and a hydrophilic print 
surface. When the two surfaces are 
brought into proximity such that a 
droplet in the nozzle makes contact with 
the print surface, a substantial portion 
of the droplet becomes transferred to 
the print surface. Then as the nozzle 
and the print surface are pulled apart, 
the droplet is pulled apart and most of 


the droplet remains on the print sur- 
face. The basic principle of the present 
method is to reduce the liquid-solid sur- 
face energy of the nozzle to a level suffi- 
ciently below the intrinsic solid -liquid 
surface energy of the nozzle material so 
that the droplet is not pulled apart and, 
instead, the entire droplet volume be- 
comes transferred to the print surface. 
In this method, the liquid -so lid surface 
energy is reduced by introducing artifi- 
cial surface roughness in the form of mi- 
cromachined serrations on the inner 
nozzle surface (see figure). 

The method was tested in experi- 
ments on soft printing of DNA solutions 
and of deionized water through 0.5mim- 


diameter nozzles, of which some were 
not serrated, some were partially ser- 
rated, and some were fully serrated. In 
the nozzles without serrations, transfer 
was incomplete; that is, residual liquids 
remained in the nozzles after printing. 
However, in every nozzle in which at 
least half the inner surface was serrated, 
complete transfer of droplets to the 
print surface was achieved. 

This work was done by Chang-Jn “CJ’ 
Kim of the University of California , Los An- 
geles, and Uichong Yi of Core Microsolutions, 
Inc. for Ames Research Center. For further in- 
formation, contact the Ames Technology Part- 
nerships Division at (650) 604-5761. ARC- 
15548-1 
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e! Turbo molecular Pumps for Holding Gases in Open Containers 

Thermal gas atoms would be trapped; much faster atoms would pass through. 

Goddard Space Flight Center, Green belt, Maryland 


Proposed special-purpose turbomol- 
ecular pumps denoted turbotraps 
would be designed, along with mating 
open containers, to prevent the escape 
of relatively slowly (thermal) moving 
gas molecules from the containers 
while allowing atoms moving at much 
greater speeds to pass through. In the 
original intended applications, the 
containers would be electron -attach- 
ment cells, and the contained gases 
would be vapors of alkali metal atoms 
moving at thermal speeds that would 
be of the order of a fraction of 300 me- 


ters per second. These cells would be 
parts of apparatuses used to measure 
fluxes of neutral atoms incident at ki- 
netic energies in the approximate 
range of 10 eV to 10 keV (correspond- 
ing to typical speeds of the order of 
40,000 m/ s and higher). The incident 
energetic neutral atoms would pass 
through the cells, wherein charge-ex- 
change reactions with the alkali metal 
atoms would convert the neutral atoms 
to negative ions, which, in turn, could 
then be analyzed by use of conven- 
tional charged-particle optics. 


The figure depicts selected aspects of a 
turbotrap as part of such an apparatus. 
The turbotrap would exploit the large 
difference between the speed range of 
the incident energetic neutral atoms and 
the thermal speed range of the alkali 
metal atoms in the cell. The turbotrap 
would consist primarily of two or more 
rotating concentric rows of blades inter- 
spersed with two or more concentric sta- 
tionary rows of blades. The relative posi- 
tions of the blades, the sizes of the gaps 
between them, and the speed of rotation 
would be chosen so as to periodically 
open up one or more straight path(s) 
through the cell during a time interval 
long enough to allow the incident ener- 
getic neutral atoms to pass through but 
short enough so that there would be no 
clear path through the cell for the slower 
thermal alkali metal atoms. Moreover, 
the blades would be shaped and oriented 
to pump most of the incident thermal 
atoms back into the cell. 

The feasibility of several turbotrap de- 
signs has been tentatively demonstrated 
by means of computational simulations. 
For example, in the case of one design in- 
volving two rows of stationary vanes and 
two rows of blades on a circle of about 10- 
cm diameter, a gap of 0.5 cm between 
blades, 50-percent open area, and a rota- 
tional speed of 32,000 rpm, the simula- 
tion showed that >99 percent of alkali 
metal atoms entering the turbotrap 
would be returned to the cell. The rota- 
tional speed in this example is well within 
that attainable by exploiting recent devel- 
opments in the technological disciplines 
of reaction wheels, gyroscopes, and con- 
ventional turbomolecular pumps. 

This work was don e by John W Keller of God- 
dard Space Flight Center and John E. Lorenz of 
Litton Industries. Further information is con- 
tained in a TSP (seepage If GSC-1 4402-1 



Rotating and Stationary concentric rows of blades would momentarily open paths along which high- 
speed atoms could travel through the cell bounded by the blade circles. 


M Triaxial Swirl Injector Element for Liquid-Fueled Engines 

The design is amenable to low-cost production. 

Marshall Space Right Center, Alabama 


A triaxial injector is a single bi-propel- 
lant injection element located at the 
center of the injector body. The injector 
element consists of three nested, hy- 


draulic swirl injectors. A small portion 
of the total fuel is injected through the 
central hydraulic injector, all of the oxi- 
dizer is injected through the middle 


concentric hydraulic swirl injector, and 
the balance of the fuel is injected 
through an outer concentric injection 
system. The configuration has been 
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shown to provide good flame stabiliza- 
tion and the desired fuel-rich wall 
boundary condition. 

The injector design is well suited for 
preburner applications. Preburner in- 
jectors operate at extreme oxygen^o- 
fuel mass ratios, either very rich or very 
lean. The goal of a preburner is to create 
a uniform drive gas for the turboma- 
chinery, while carefully controlling the 
temperature so as not to stress or dam- 
age turbine blades. The triaxial injector 
concept permits the lean propellant to 
be sandwiched between two layers of the 
rich propellant, while the hydraulic at- 
omization characteristics of the swirl in- 
jectors promote interpropellant mixing 
and, ultimately, good combustion effi- 
ciency. This innovation is suited to a 
wide range of liquid oxidizer and liquid 


fuels, including hydrogen, methane, 
and kerosene. 

Prototype testing with the triaxial swirl 
injector demonstrated excellent injector 
and combustion chamber thermal com- 
patibility and good combustion perform- 
ance, both at levels far superior to a pin- 
tle injector. Initial testing with the 
prototype injector demonstrated over 96- 
percent combustion efficiency. The de- 
sign showed excellent high-frequency 
combustion stability characteristics with 
oxygen and kerosene propellants. Unlike 
the more conventional pintle injector, 
there is not a large bluffbody that must 
be cooled. The absence of a protruding 
center body enhances the thermal dura- 
bility of the triaxial swirl injector. 

The hydraulic atomization character- 
istics of the innovation allowthe design 


to be rapidly scaled from small in -space 
applications [500-5,000 lbf (2.2-22.2 
kN)] to large thrust engine applica- 
tions [80,000 lbf (356 kN) and be- 
yond]. The triaxial injector is also less 
sensitive to eccentricities, manufactur- 
ing tolerances, and gap width of many 
traditional coaxial and pintle injector 
designs. 

The triaxial^njector injection orifice 
configuration provides for high injec- 
tion stiffness. The low parts count and 
relatively large injector design features 
are amenable to low-cost production. 

This work was done by Jeff Muss of Sierra 
Engineering Inc for Marshall Space Flight 
Center. For more information, contact Sammy 
Nabors, MSEC Commercialization Assistance 
L ead, at sammy. a. n abors@i asa. gov. R tfer to 
MFS-32717-1 . 
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a Software 


© Integrated Budget 
Office Toolbox 

The Integrated Budget Office Toolbox 
(IBOT) combines budgeting, resource al- 
location, organizational funding, and re- 
porting features in an automated, inte- 
grated tool that provides data from a 
single source for Johnson Space Center 
(JSC) personnel. Using a common inter- 
face, concurrent users can utilize the data 
without compromising its integrity IBOT 
tracks planning changes and updates 
throughout the year using both phasing 
and POP^elated (program-operating- 
plan^elated) budget information for the 
current year, and up to six years out. 

Separating lumpsum funds received 
from HQ (Headquarters) into separate 
labor, travel, procurement, Center G&A 
(general & administrative), and service- 
pool categories, IBOT creates a script 
that significantly reduces manual input 
time. IBOT also manages the movement 
of travel and procurement funds down 
to the organizational level and, using its 
integrated funds management feature, 
helps better track funding at lower lev- 
els. Third-party software is used to cre- 
ate integrated reports in IBOT that can 
be generated for plans, actuals, funds 
received, and other combinations of 
data that are currently maintained in 
the centralized format. Based on Mi- 
crosoft SQL, IBOT incorporates generic 
budget processes, is transportable, and 
is economical to deploy and support. 

This program was written by Douglas A. 
Rushing Chris Blakeley, Gerry Chapman, 
and Bill Robertson of Johnson Space Center 
and Allison Horton, Thomas Besser, and 
Debbie McCarthy of SAIC. Further informa- 
tion is contained in a TSP (see page 1). M SC- 
24 167-1 


Q PLOT3D Export Tool for 
Tecplot 

The PLOT 3D export tool for Tecplot 
solves the problem of modified data 
being impossible to output for use by an- 
other computational science solver. The 
PLOT3D Exporter add-on enables the 
use of the most commonly available visu- 
alization tools to engineers for output of 
a standard format. The exportation of 
PLOT3D data from Tecplot has far 
reaching effects because it allows for grid 
and solution manipulation within a 


graphical user interface (GUI) that is 
easily customized with macro language- 
based and user-developed GUIs. The 
add-on also enables the use of Tecplot as 
an interpolation tool for solution conver- 
sion between different grids of different 
types. This one add-on enhances the 
functionality of Tecplot so significantly, it 
offers the ability to incorporate Tecplot 
into a general suite of tools for computa- 
tional science applications as a 3D graph- 
ics engine for visualization of all data. 

Within the PLOT3D Export Add-on 
are several functions that enhance the 
operations and effectiveness of the add- 
on. Unlike Tecplot output functions, 
the PLOT3D Export Add-on enables 
the use of the zone selection dialog in 
Tecplot to choose which zones are to be 
written by offering three distinct op- 
tions — output of active, inactive, or all 
zones (grid blocks). As the user modi- 
fies the zones to output with the zone 
selection dialog, the zones to be written 
are similarly updated. This enables the 
use of Tecplot to create multiple config- 
urations of a geometry being analyzed. 
For example, if an aircraft is loaded 
with multiple deflections of flaps, by ac- 
tivating and deactivating different 
zones for a specific flap setting, new 
specific configurations of that aircraft 
can be easily generated by only writing 
out specific zones. Thus, if ten flap set- 
tings are loaded into Tecplot, the 
PLOT3D Export software can output 
ten different configurations, one for 
each flap setting. 

This work was done by Stq?hen Alt& of Lang- 
ley Research Center. Further information is con- 
tained in a TSP (seepage 1). LAR-l 7678-1 


O Math Description Engine 
Software Development Kit 

The Math Description Engine Soft- 
ware Development Kit (MDE SDK) can 
be used by software developers to make 
computer^endered graphs more accessi- 
ble to blind and visually-impaired users. 
The MDE SDK generates alternative 
graph descriptions in two forms: textual 
descriptions and non-verbal sound ren- 
derings, or sonification. It also enables 
display of an animated trace of a graph 
sonification on a visual graph compo- 
nent, with color and lineThickness op- 
tions for users having low vision or color- 
related impairments. A set of accessible 


graphical user interface widgets is pro- 
vided for operation by end users and for 
control of accessible graph displays. 

Version 1.0 of the MDE SDK generates 
text descriptions for 2D graphs com- 
monly seen in math and science curricu- 
lum (and practice). The mathematically 
rich text descriptions can also serve as a 
virtual math and science assistant for 
blind and sighted users, making graphs 
more accessible for everyone. 

The MDE SDK has a simple applica- 
tion programming interface (API) that 
makes it easy for programmers and 
Web -site developers to make graphs ac- 
cessible with just a few lines of code. 
The source code is written in Java for 
cross-platform compatibility and to take 
advantage of Java’s built-in support for 
building accessible software application 
interfaces. Compiled-library and NASA 
Open Source versions are available with 
API documentation and Programmer’s 
Guide at http:/ / prime.jsc.nasa.gov. 

This work was done by Robert O. Shdton 
of Johnson Space Center, Stephanie L. Smith 
and Dan E. Dexter of L -3 Communications 
Corp., and Terry R. Hodgson of Indyne, Inc 
Further information is contained in a TSP 
(see page 1 ). M SC-2 41 3 9-1 


© Astronaut Office Scheduling 
System Software 

AOSS is a highly efficient scheduling 
application that uses various tools to 
schedule astronauts’ weekly appoint- 
ment information. This program repre- 
sents an integration of many technolo- 
gies into a single application to facilitate 
schedule sharing and management. It is 
a Windows-based application developed 
in Visual Basic. Because the NASA stan- 
dard office automation load environ- 
ment is Microsoft-based, Visual Basic 
provides AOSS developers with the abil- 
ity to interact with Windows collabora- 
tion components by accessing objects 
models from applications like Outlook 
and Excel. This also gives developers the 
ability to create newly customizable com- 
ponents that perform specialized tasks 
pertaining to scheduling reporting in- 
side the application. With this capability, 
AOSS can perform various asynchro- 
nous tasks, such as gathering/ send- 
ing/ managing astronauts’ schedule in- 
formation directly to their Outlook 
calendars at any time. AOSS users use 
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this specific appointment information 
entered in the application to generate 
reports and to keep track of active NASA 
astronauts’ whereabouts at all times. 

AOSS can send or retrieve astronauts’ 
schedule information via their individual 
Outlook calendars with a two-part 
process called PUSH and PULL. This 
process, along with weekly operational 
procedures agreed to by the users and 
current astronaut corps staff, delivers op- 
timal scheduling processing perform- 
ance. AOSS also provides the ability to 
create reports, statistics, and situation in- 
formation for many NASA offices. Dis- 
plays of the software are designed to be 
functional and familiar by using the same 
format design to ensure ease of use. 

The software is composed of three 
main components — AOSS Application, 
AOSS Web, and AOSS Database. In the 
application, this is the main data entry 
point where most of the AOSS-typical 
transactions occur. AOSS users and the 
AOSS application perform data manipu- 
lation, reporting, and changes here. The 
application is the main lifeline between 
the user and the database. The AOSS 
Web function allows users to use a Web 
browser environment to view informa- 
tion, print results, and transact with the 
results of data entered in the AOSS data- 
base. This component contains a mixture 
of html and asp pages. 

The main operation of the database 
is to hold data entered through the ap- 
plication component and to provide 
secure access to this information by 
qualified AOSS users, customers, and 
management. The database was devel- 
oped in SQL and is held within an SQL 
server database environment. Using 
this system eliminates the need to pre- 
pare paper schedules and the time it 
takes to distribute them to the astro- 
nauts as well as ensuring a faster deliv- 
ery of updates and schedule changes. 

This work was done by Estevando Brown 
of United Space Alliance for Johnson Space 
Center. Further information is contained in a 
TSP (seepage 1). MSC-24 384-1 


@ ISS Solar Array Management 

The International Space Station (ISS) 
Solar Array Management (SAM) software 
toolset provides the capabilities necessary 
to operate a spacecraft with complex 
solar array constraints. It monitors space- 
craft telemetry and provides interpreta- 
tions of solar array constraint data in an 
intuitive manner. The toolset provides ex- 
tensive situational awareness to ensure 
mission success by analyzing power gen- 


eration needs, array motion constraints, 
and structural loading situations. 

The software suite consists of several 
components including samCS (con- 
straint set selector), samShadyTimers 
( array shad owing timers), samWin (visu- 
alization GUI), samLock (array motion 
constraint computation), and samJet 
(attitude control system configuration 
selector). It provides high availability 
and uptime for extended and continu- 
ous mission support. It is able to sup- 
port two-degrees-of-freedom (DOF) 
array positioning and supports up to ten 
simultaneous constraints with intuitive 
ID and 2D decision support visualiza- 
tions of constraint data. Display syn- 
chronization is enabled across a net- 
worked control center and multiple 
methods for constraint data interpola- 
tion are supported. Use of this software 
toolset increases flight safety, reduces 
mission support effort, optimizes solar 
array operation for achieving mission 
goals, and has run for weeks at a time 
without issues. 

The SAM toolset is currently used in 
ISS real-time mission operations. 

This work was done by James P. Williams, 
Keith D. Martin, Justin R. Thomas, and 
Samuel Caro cf United Space Alliance for 
Johnson Space Center. Further information is 
contained in a TSP (see page 1). M SC- 
2442 5-1 


§ Probabilistic Structural 
Analysis Program 

NASA/NESSUS 6.2c is a general-pur- 
pose, probabilistic analysis program that 
computes probability of failure and 
probabilistic sensitivity measures of engi- 
neered systems. Because NASA/ NES- 
SUS uses highly computationally effi- 
cient and accurate analysis techniques, 
probabilistic solutions can be obtained 
even for extremely large and complex 
models. Once the probabilistic response 
is quantified, the results can be used to 
support risk-informed decisions regard- 
ing reliability for safety-critical and one- 
of-a-kind systems, as well as for maintain- 
ing a level of quality while reducing 
manufacturing costs for larger-quantity 
products. NASA/ NESSUS has been suc- 
cessfully applied to a diverse range of 
problems in aerospace, gas turbine en- 
gines, biomechanics, pipelines, defense, 
weaponry, and infrastructure. 

This program combines state-of-the- 
art probabilistic algorithms with gen- 
eral^ urpose structural analysis and lift- 
ing methods to compute the 
probabilistic response and reliability of 


engineered structures. Uncertainties in 
load, material properties, geometry, 
boundary conditions, and initial condi- 
tions can be simulated. The structural 
analysis methods include non Tin ear fi- 
nite-element methods, heat-transfer 
analysis, polymer/ ceramic matrix com- 
posite analysis, monolithic (conven- 
tional metallic) materials life-pr edict ion 
methodologies, boundary element 
methods, and user-written subroutines. 
Several probabilistic algorithms are 
available such as the advanced mean 
value method and the adaptive impor- 
tance sampling method. NASA/NES- 
SUS 6.2c is structured in a modular for- 
mat with 15 elements. 

This work was done by Shantaram S. Pai, 
Christos C. Chamis, Pappu L. N. Murthy, and 
George L. Stfko cf Glenn Research Center; 
David S. Riha and Ben H. Thacker cf South- 
west Research Institute ; Vinod K. Nagpal cf 
N& R Engineering and Subodh K. Mital cf the 
University of Toledo. FFurther information is 
contained in a TSP (seepage 1). 

Inquiries concerning rights for the commer- 
dal use of this invention should be addressed 
to NASA Glenn Research Center, Innovative 
Partnerships Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve- 
land, Ohio 44135. Rfer to LEW-1 8229-1 


Q SPOT Program 

A Spacecraft Position Optimal Track- 
ing (SPOT) program was developed to 
process Global Positioning System 
(GPS) data, sent via telemetry from a 
spacecraft, to generate accurate naviga- 
tion estimates of the vehicle position 
and velocity (state vector) using a 
Kalman filter. This program uses the 
GPS onboard receiver measurements to 
sequentially calculate the vehicle state 
vectors and provide this information to 
ground flight controllers. It is the first 
real-time ground-based shuttle naviga- 
tion application using onboard sensors. 
The program is compact, portable, self- 
contained, and can run on a variety of 
UNIX or Linux computers. 

The program has a modular object- 
oriented design that supports applica- 
tion-specific plugins such as data corrup- 
tion remediation pre-processing and 
remote graphics display. The Kalman fil- 
ter is extensible to additional sensor 
types or force models. The Kalman filter 
design is also strong against data 
dropouts because it uses physical models 
from state and covariance propagation 
in the absence of data. 

The design of this program separates 
the functionalities of SPOT into six dif- 


20 


NASA Tech Briefs, May 2010 


ferent executable processes. This allows 
for the individual processes to be con- 
nected in an a la carte manner, making 
the feature set and executable complex- 
ity of SPOT adaptable to the needs of 
the user. Also, these processes need not 
be executed on the same workstation. 
This allows for communications between 
SPOT processes executing on the same 
Local Area Network (LAN) . Thus, SPOT 
can be executed in a distributed sense 
with the capability for a team of flight 
controllers to efficiently share the same 
trajectory information currently being 
computed by the program. 

SPOT is used in the Mission Control 
Center (MCC) for Space Shuttle Pro- 
gram (SSP) and International Space 
Station Program (ISSP) operations, 
and can also be used as a post -flight 


analysis tool. It is primarily used for sit- 
uational awareness, and for contin- 
gency situations. 

This work was done by Jason T. Smith of 
Johnson Space Center and Sam J. Wdsh, An- 
tonio L. Farinetti, Tim Wegner, James 
Blakeslee, Toni E Deboeck, Daniel Dyer, 
Bryan M. Corley, Jarmaine Ollivierre, 
Leonard Kramer, Patrick L. Zimmerman, 
and Reshma Khatri of United Space Alliance 
Further information is contained in a TSP 
(see page 1). MSC-24482-1 


M Integrated Hybrid 

System Architecture for 
Risk Analysis 

A conceptual design has been an- 
nounced of an expertnsystem computer 
program, and the development of a pro- 


totype of the program, intended for use 
as a projectmianagement tool. The pro- 
gram integrates schedule and risk data 
for the purpose of determining the 
schedule applications of safety risks and, 
somewhat conversely, the effects of 
changes in schedules on changes on 
safety. It is noted that the design has 
been delivered to a NASA client and that 
it is planned to disclose the design in a 
conference presentation. 

This work was done by Gary P. Moynihan, 
Daniel J. Fonseca, and Paul S. Ray of the 
University of Alabama for Johnson Space 
Center. For further information, contact the 
JSC Innovation Partnerships Office at (281) 
483-3809. 

The University of Alabama has requested 
permission to assert copyright for the software 
code MSC-23809-1 
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Mechanics/ Machinery 



Q System for Packaging Planetary Samples for Return to Earth 

System completes all the necessary steps for proper preservation. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A system is proposed for packaging 
material samples on a remote planet (es- 
pecially Mars) in sealed sample tubes in 
preparation for later return to Earth. 
The sample tubes (Figure 1) would com- 
prise (1) tubes initially having open tops 
and closed bottoms; (2) small, bel- 
lowslike collapsible bodies inside the 
tubes at their bottoms; and (3) plugs to 
be eventually used to close the tops of 
the tubes. The top inner surface of each 
tube would be coated with solder. The 
side of each plug, which would fit snugly 
into a tube, would feature a solder-filled 
ring groove. The system would include 
equipment for storing, manipulating, 
filling, and sealing the tubes. 

The containerization system (see Fig- 
ure 2) will be organized in stations and 
will include: the storage station, the load- 
ing station, and the heating station. 
These stations can be structured in circu- 
lar or linear pattern to minimize the ma- 
nipulator complexity, allowing for com- 


pact design and mass efficiency. The ma- 
nipulation of the sample tube between 
stations is done by a simple manipulator 
arm. The storage station contains the un- 
loaded sample tubes and the plugs before 
sealing as well as the sealed sample tubes 
with samples after loading and sealing. 
The chambers at the storage station also 
allow for plug insertion into the sample 
tube. At the loading station the sample is 
poured or inserted into the sample tube 
and then the tube is topped off. At the 
heating station the plug is heated so the 
solder ring melts and seals the plug to the 
sample tube. 

The process is performed as follows: 
Each tube is filled or slightly overfilled 
with sample material and the excess sam- 
ple material is wiped off the top. Then, 
the plug is inserted into the top section 
of the tube packing the sample material 
against the collapsible bellowslike body 
allowing the accommodation of the sam- 
ple volume. The plug and the top of the 


tube are heated momentarily to melt the 
solder in order to seal the tube. 

This work was done by Mircea Badescu, 
Yoseph Bar-Cohen, Paul G. Baches, Stewart 
Sherrit, Xiaoqi Bao, and James S. Scott of 
Caltech for NASAs Jet Propulsion Laboratory. 
Further information is contained in a TSP 
(see page 1). NPO-46089 



Figure 2: Containerization System includes load- 
ing, heating/sealing, and storage stations. 



Fgure 1: A Sample Tube is shown with collapsible bottom (on the right), sample, and sealed plug. 


# Offset Compound Gear Drive 

A 50-percent reduction ratio is achieved with two stages utilizing four gears. 

John H. Glenn Research Center, Cleveland, Ohio 


The Offset Compound Gear Drive is 
an in Tine, discrete, two-speed device uti- 
lizing a special offset compound gear 
that has both an internal tooth configu- 
ration on the input end and external 
tooth configuration on the output end, 
thus allowing it to mesh in series, simul- 
taneously, with both a smaller external 
tooth input gear and a larger internal 


tooth output gear. This unique geometry 
and offset axis permits the compound 
gear to mesh with the smaller diameter 
input gear and the larger diameter out- 
put gear, both of which are on the same 
central, or primary, centerline. This con- 
figuration results in a compact inTine re- 
duction gear set consisting of fewer gears 
and bearings than a conventional plane- 


tary gear train. Switching between the 
two output ratios is accomplished 
through amain control clutch and sprag. 
Power flow to the above is transmitted 
through concentric power paths. 

Low-speed operation is accomplished 
in two meshes. For the purpose of illus- 
trating the low-speed output operation, 
the following example pitch diameters 
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are given. A 5.0 pitch diameter (PD) 
input gear to 7.50 PD (internal tooth) in- 
termediate gear (0.667 reduction mesh), 
and a 7.50 PD (external tooth) interme- 
diate gear to a 10.00 PD output gear 
(0.750 reduction mesh). Note that it is 
not required that the intermediate gears 
on the offset axis be of the same diame- 
ter. For this example, the resultant low- 
speed ratio is 2:1 (output speed = 0.500; 
product of stage one 0.667 reduction 
and stage two 0.750 stage reduction). 
The design is not restricted to the exam- 
ple pitch diameters, or output ratio. 
From the output gear, power is transmit- 
ted through a hollow drive shaft, which, 
in turn, drives a sprag during which time 
the main clutch is disengaged. 

Higluspeed operation is direct -drive 
(1:1) through the main clutch. During 


this mode of operation, the above gear 
train free-wheels the overrunning 
sprag. A slight reduction in input speed 
is required to overrun the sprag. The 
above gear train always spins. 

The configuration was conceived to 
meet a rotor craft drive design objective 
to provide a 50-percent reduction ratio. 
The configuration does so in two stages, 
or meshes, utilizing only three gears re- 
placing multiple planet gears required 
in conventional planetary stages. A 
same -direct ion 50-percent reduction is 
not possible with a singlenstage simple 
planetary gear configuration. 

In addition, ratios other than 50 per- 
cent can be configured to meet specific 
design requirements. This configura- 
tion overcomes a technical design chal- 
lenge of configuring a simple and ro- 


bust two-speed/ variable -speed driveline 
transmission that is lightweight yet capa- 
ble of transferring high power at high 
speed for next-generation rotary wing 
aircraft, which are forecast to require 
speed range variations on the order of 
50 percent. 

This work was done by Mark A. Stevens of 
Glenn Research Center, and Robert E Hand- 
schuh and David G. Lewidd of US. Army Re- 
search Laboratory, Vehicle Technology Direc- 
torate, (located at Glenn Research Center). 
Further information is contained in a TSP 
(seepage 1). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Innovative 
Partnerships Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve- 
land, Ohio 44135. Refer to LEW-1 8340-1. 


# Low-Dead-Volume Inlet for Vacuum Chamber 

John E Kennedy Space Center, Eorida 


Gas introduction from near-ambient 
pressures to high vacuum traditionally is 
accomplished either by multi-stage dif- 
ferential pumping that allows for very 
rapid response, or by a capillary method 
that allows for a simple, single-stage in- 
troduction, but which often has a de- 
layed response. Another means to intro- 
duce the gas sample is to use the 
multi-stage design with only a single 


stage. This is accomplished by using a 
very small conductance limit. The prob- 
lem with this method is that a small con- 
ductance limit will amplify issues associ- 
ated with dead-volume. 

As a result, a high -vacuum gas inlet was 
developed with low dead-volume, allow- 
ing the use of a very low conductance 
limit interface. Gas flows through the 
Con Flat flange at a relatively high flow 


rate at orders of magnitude greater than 
through the conductance limit. The 
small flow goes through a conductance 
limit that is a doublensided ConFlat. 

This work was done by Guy Naylor and C. 
Arkin of A SRC Aerospace Corporation for 
Kennedy Space Center. For further informa- 
tion, contact the Kennedy Innovative Part- 
nerships Program Office at (321) 861-7158. 
KSC-13317 


Simple Check Valves for Microfluidic Devices 

No additional materials or fabrication steps are necessary. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A simple design concept for check 
valves has been adopted for microfluidic 
devices that consist mostly of (1) de- 
formable fluorocarbon polymer mem- 
branes sandwiched between (2) borosili- 
cate float glass wafers into which 
channels, valve seats, and holes have 
been etched. The first microfluidic de- 
vices in which these check valves are in- 
tended to be used are micro -cap illary 
electrophoresis (microCE) devices un- 
dergoing development for use on Mars 
in detecting compounds indicative of 
life. In this application, it will be neces- 
sary to store some liquid samples in 
reservoirs in the devices for subsequent 
laboratory analysis, and check valves are 


needed to prevent cross-contamination 
of the samples. The simple check-valve 
design concept is also applicable to 
other microfluidic devices and to fluidic 
devices in general. 

These check valves are simplified mi- 
croscopic versions of conventional rub- 
ber-flap check valves that are parts of 
numerous industrial and consumer 
products. These check valves are fabri- 
cated, not as separate components, but 
as integral parts of micro fluidic devices. 
A check valve according to this concept 
consists of suitably shaped portions of a 
deformable membrane and the two 
glass wafers between which the mem- 
brane is sandwiched (see figure). The 


valve flap is formed by making an ap- 
proximately semicircular cut in the 
membrane. The flap is centered over a 
hole in the lower glass wafer, through 
which hole the liquid in question is in- 
tended to flow upward into a wider 
hole, channel, or reservoir in the upper 
glass wafer. The radius of the cut ex- 
ceeds the radius of the hole by an 
amount large enough to prevent set- 
tling of the flap into the hole. As in a 
conventional rubber-flap check valve, 
back pressure in the liquid pushes the 
flap against the valve seat (in this case, 
the valve seat is the adjacent surface of 
the lower glass wafer), thereby forming 
a seal that prevents backflow. 
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This Microfluidic Check Valve is a simplified version of a conventional rubber-flap check valve. 


A typical sequence for fabricating a 
microfluidic device for the original in- 
tended microCE application includes 
the following steps: 

1. Channels and valve seats are patterned 
in the two glass wafers between which 


the deformable membrane is to be sand- 
wiched. (Altogether, there are three 
glass wafers, but the third wafer is irrele- 
vant to the innovation described here.) 

2. Holes are drilled through the wafers in 
predetermined locations for flowpaths. 


3. The deformable membrane is fabri- 
cated. 

4. Holes are punched in the membrane 
at locations matching those of holes, 
valve seats, and flow-channel orifices 
in the upper and lower glass plates. 
However, holes are not punched at lo- 
cations where check valves are re- 
quired. 

5. At each check-valve location on the 
membrane, the check-valve flap is 
formed by use of an approximately 
semicircular punch. No membrane 
material is remo\ed. 

The ideal cut for forming a check- 
valve flap is an arc somewhat greater 
than a semicircle but less than a full cir- 
cle. The resistance to flowthrough the 
check valve can be reduced by increas- 
ing the arc length of the punch. It is 
worth emphasizing that implementa- 
tion of this concept entails nothing 
more than the use of additional 
punches for forming the flaps in the 
fabrication process. 

This work was done by Peter A. Willis ; 
Harold F. Greer, and J. Anthony Smith of Cal- 
tech for NASA’s Jet Propulsion Laboratory. 
Further information is contained in a TSP 
(see page 1). NPOA5933 


# A Capillary-Based Static Phase Separator for Highly Variable 
Aftfetting Conditions 

Commercially viable two-phase flow/ liquid management field applications have been 
developed for microgravity. 

Lyndon B. Johnson Space Center, Houston, Texas 


The invention, a static phase separa- 
tor (SPS), uses airflow and capillary wet- 
ting characteristics to passively separate 
a two -phase (liquid and air) flow. The 
device accommodates highly variable 
liquid wetting characteristics. The result- 
ant design allows for a range of wetting 
properties from about 0 to over 90° ad- 
vancing contact angle, with frequent 
complete separation of liquid from gas 
observed when using appropriately 
scaled test conditions. Additionally, the 
design accommodates a range of airTo- 
liquid flow-rate ratios from only liquid 
flow to over 200:1 air-to4iquid flowrate. 

The SPS uses a helix input section with 
an ice-cream -cone shaped constant area 
cross section (see figure). The wedge por- 
tion of the cross section is on the outer 
edge of the helix, and collects the liquid 
via centripetal acceleration. The helix 
then passes into an increasing crossnsec- 


tional area vane region. 

The liquid in the helix 
wedge is directed into the 
top of capillary wedges in 
the liquid containment 
section. The transition 
from diffuser to contain- 
ment section includes a 
90° change in capillary 
pumping direction, while 
maintaining inertial di- 
rection. This serves to im- 
pinge the liquid into the 
two off-center symmetri- 
cal vanes by the airflow. 

Rather than the airflow 
serving to shear liquid 
away from the capillary 
vanes, the design allows 
for further penetration of 
the liquid into the vanes 
by the air shear. This is A sketch of the Static Phase Separator illustrates the geometry. 
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also assisted by locating the air exit ports 
downstream of the liquid drain port. Ad- 
ditionally any droplets not contained in 
the cap illary vanes are re-entrained down- 
stream by a third opposing capillary vane, 
which directs liquid back toward the liq- 
uid drain port. Finally, the dual air exit 
ports serve to slowthe airflow down, and 
to reduce the likelihood of shear. The 
ports are stove -p iped into the cavity to 
form an unfriendly capillary surface for a 
wetting fluid to carryover. The liquid 


drain port is located at the start of the 
containment region, allowing for drain- 
ing the bulk fluid in a continuous circuit. 

The functional operation of the SPS 
involves introducing liquid flow (from a 
human body, a syringe, or other source) 
to the two -phase inlet while an air fan 
pulls on the air exit lines. The fan is op- 
erated until the liquid is fully intro- 
duced. The system is drained bynegati\e 
pressure on the liquid drain lines when 
the SPS containment system is full. 


This work was done by Evan A. Thomas 
and John C. Graf of Johnson Space Center 
and Mark M. Weislogd ' independent consult- 
ant. Further information is contained in a 
TSP (seepage 1). 

This invention is owned by NASA , and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be ad- 
dressed to the Patent Counsel Johnson Space 
Center, (281) 483-1003. Refer to MSC- 
24441-1. 


Gimballing Spacecraft Thruster 

Marshall Space Right Center, Alabama 

both with and without motion in the 
Canfield joint. 

This work was done by Tim Pickens and John 
Bossatd of Orion Propulsion , Inc for Marshall 
Space Flight Center For further information, con- 
tact Sammy Nabors, MSEC Cbmmoualization 
Assistance Lead, at sammy.a.nabors@iasa.gov. 
Refer to MFS-32520-1. 


A gimballing spacecraft reaction-con- 
tro System thruster was developed that 
consists of a small hydrogen/ oxygen- 
burning rocket engine integrated with 
a Canfield joint. (Named after its inven- 
tor, a Canfield joint is a special gimbal 
mount that is strong and stable yet al- 
lows a wide range of motion.) One es- 


pecially notable aspect of the design of 
this thruster is integration, into both 
the stationary legs and the moving arms 
of the Canfield joint, of the passages 
through which the hydrogen and oxy- 
gen flow to the engine. The thruster 
was assembled and subjected to tests in 
which the engine was successfully fired 


# Finned Carbon-Carbon Heat Pipe With Potassium 
Wbrking Fluid 

The heat pipe can be used in terrestrial power plants. 

John H. Glenn Research Center, Cleveland, Ohio 



The finned Carbon-Carbon Heat Pipe is shown with an Nb-lZr evaporator liner. 


This elemental space radiator heat 
pipe is designed to operate in the 700 to 
875 K temperature range. It consists of a 
C-C (carbon-carbon) shell made from 
poly-acrylo nitride fibers that are woven 
in an angle interlock pattern and den si- 
fted with pitch at high process tempera- 
ture with integrally woven fins. The fins 
are 2.5 cm long and 1 mm thick, and 
provide an extended radiating surface at 
the colder condenser section of the heat 
pipe. The weave pattern features a con- 
tinuous fiber bath from the inner tube 
surface to the outside edges of the fins 
to maximize the thermal conductance, 
and to thus minimize the temperature 
drop at the condenser end. The heat 
pipe and radiator element together are 
less than one-third the mass of conven- 
tional heat pipes of the same heat rejec- 
tion surface area. 

To prevent the molten potassium 
working fluid from eroding the C-C 
heat pipe wall, the shell is lined with a 
thin-walled, metallic tube liner (Nb-1 
wt.% Zr), which is an integral part of a 


hermetic metal subassembly which is 
turn ace -brazed to the inner surface of 
the C-C tube. The hermetic metal liner 
subassembly includes end caps and fill 
tubes fabricated from the same Nb-lZr 
alloy. A combination of laser and elec- 
tron beam methods is used to weld the 
end caps and fill tubes. A 
tungsten/ inert gas weld seals the fill 
tubes after cleaning and charging the 
heat pipes with potassium. 


The external section of this liner, 
which was formed by a “Uniscan” 
rolling process, transitions to a larger 
wall thickness. This section, which pro- 
trudes beyond the C-C shell, consti- 
tutes the “evaporator” part of the heat 
pipe, while the section inside the shell 
constitutes the condenser of the heat 
pipe (see figure). The metal liner con- 
tains a concentric tubular perforated 
wick sized and located to form an annu- 
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lar gap between itself and the inner sur- 
face of the liner. The wick is fabricated 
from molybdenum foil and contains 
evenly spaced circular perforations. 
One end of the wick is welded to the 
evaporator end cap, while the other 
end is left free. 

During the fabrication process, the 
finned C-C shell condenser section is 
exposed to an atomic oxygen (AO) ion 
source for a total AO fluence of 4 x 10 20 
atoms/ cm 2 , thereby raising its surface 
emissivity to values between 0.85 and 
0.90 at design operating temperature, 


thus reducing the radiator area re- 
quired for a specified value of heat re- 
jection to space. The prototype heat 
pipe performed well in initial lowpower 
tests. Based on test results and com- 
puter modeling, the heat pipe should 
be capable of transporting heat at a rate 
of 900 W at evaporator temperatures in 
the 850 to 875 K range. Computer mod- 
eling also indicates that, if scaled up 
from a prototype length of 36 cm to a 
full design length of 91 cm, the heat 
pipe should be capable of transporting 
heat at a rate of 2.2 kW at the same evap- 


orator temperature range. At its 1.45 
kg/ m 2 specific mass for twonsided heat 
rejection, its power-tomiass ratio will be 
6.5 kW/ kg. 

This work was done by Albert J. Mhasz 
Glenn Research Center. Further information 
contained in a TSP (seepage 1). 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Glenn Research Center, In- 
novative Partnerships Office, Attn: Steve 
Fedor, Mail Stop 4-8, 21000 Brockpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-18307-1. 


Lightweight Heat Pipes Made From Magnesium 

Lyndon B. Johnson Space Center, Houston , Texas 


Magnesium has shown promise as a 
lighter-weight alternative to the alu- 
minum alloys now used to make the 
main structural components of axially 
grooved heat pipes that contain ammo- 
nia as the working fluid. Magnesium 
heat-pipe structures can be fabricated by 
conventional processes that include ex- 
trusion, machining, welding, and bend- 
ing. The thermal performances of mag- 
nesium heat pipes are the same as those 
of equal-sized aluminum heat pipes. 
However, by virtue of the lower mass 


density of magnesium, the magnesium 
heat pipes weigh 35 percent less. Con- 
ceived for use aboard spacecraft, magne- 
sium heat pipes could also be attractive 
as heat-transfer devices in terrestrial ap- 
plications in which minimization of 
weight is sought: examples include 
radio-communication equipment and 
laptop computers. 

This work was done by John H. Rasenfdd, 
Sergei N. Zarembo, and G. Yale Eastman cfTh&- 
macxre, Inc for Johnson Space Center. Further in- 
formation is contained in a TSP (seepage 1). 


In accordance with Public Law 96-517, 
the con tractor has elected to retain title to 
this invention. Inquiries concerning 
rights for its commercial use should be ad- 
dressed to: 

Thermacore International, Inc. 

780 Eden Rd. 

Lancaster, PA 17601 
Phone No.: (717) 569-6551 
E-mail : in fo@hermacore com 
Refer to MSC-23 397-1, volume and num- 
ber cf this NASA Tech Briefs issue, and the 
page number. 


ft Ceramic Rail-Race Ball Bearings 

These bearings would tolerate dust better than conventional ball bearings. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Non -lubricated ball bearings featur- 
ing rail races have been proposed for 
use in mechanisms that are required to 
function in the presence of mineral 
dust particles in very low^ressure, dry 
environments with extended life. Like 
a conventional ball bearing, the pro- 
posed bearing would include an inner 
and an outer ring separated by balls in 
rolling contact with the races. How- 
ever, unlike a conventional ball bear- 
ing, the balls would not roll in semi-cir- 
cular or gothic arch race grooves in the 
rings: instead, the races would be 
shaped to form two or more rails (see 
figure). During operation, the motion 
of the balls would push dust particles 
into the spaces between the rails where 
the particles could not generate rolling 
resistance for the balls. 



A Ball Bearing as froposed would contain rail races instead of conventional races. Preferably, the 
balls, rings and rail -races would be made of a ceramic or similar hard material. 


Inner Ring 


Rails 


Outer Ring 


NASA Tech Briefs, May 2010 


27 




The rail and ball materials must have 
very high compressive strength, hard- 
ness, and wear resistance in order for the 
raikace bearing to have a reasonable 
load capacity and be able to operate in 
the presence of the dust particles with 
minimal wear. Preferably, both the rails 
and the balls would be made of ceramics 
identical or similar to those now used in 
some commercially available bearings. 
These ceramics have strengths and hard- 


nesses greater than those of the dust par- 
ticles. The rails would be integral with 
the rings and formed by grinding ce- 
ramic ring blanks. 

T his work was don e by Mark A . Balzer, 
GregS. Mungas, and Gregory H. Peters 
of Caltech for NASA s Jet Propulsion Lab- 
oratory. 

In accordance with Public Law 96- 
517, the contractor has elected to retain 
title to this invention. Inquiries concern- 


ing rights for its commercial use should be 
addressed to: 

Innovative Technology Assets Management 
JPL 

Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
E-mail: iacffice(a}pl. nasa. gov 
Refer to NPOA4908, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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© Improved OTEC System for a Submarine Robot 

This system supplants a related, previously proposed OTEC system. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


An ocean thermal energy conversion 
(OTEC), now undergoing development, 
is a lessen assive, more -efficient means of 
exploiting the same basic principle as 
that of the proposed system described in 
“Alternative OTEC Scheme for a Subma- 


rine Robot” (NP043500), NASA Tech 
Briefs , Vol. 33, No. 1 (January 2009), page 
50. The proposed system as described 
previously would be based on the thaw- 
ing-expansion/ freezing-contraction be- 
havior of a wax or perhaps another suit- 


able phase -change material (PCM). The 
power generated by the system would be 
used to recharge the batteries in a bat- 
tery-powered unmanned underwater ve- 
hicle [UUV (essentially, a small ex- 
ploratory submarine robot)] of a type 
that has been deployed in large numbers 
in research pertaining to global warm- 
ing. A UUV of this type travels between 
the ocean surface and depths, measuring 
temperature and salinity. 

At one phase of its operational cycle, 
the previously proposed system would 
utilize the surface ocean temperature 
(which lies between 15 and 30 °C over 
most of the Earth) to melt a PCM that 
has a melting/ freezing temperature of 
about 10 °C. At the opposite phase of its 
operational cycle, the system would uti- 
lize the lower ocean temperature at 
depth (e.g., between 4 and 7 °C at a 
depth of 300 m) to freeze the PCM. The 
melting or freezing would cause the 
PCM to expand or contract, respectively, 
by about 9 volume percent. The PCM 
would be contained in tubes that would 
be capable of expanding and contract- 
ing with the PCM. The PCM-containing 
tubes would be immersed in a hydraulic 
fluid. The expansion and contraction 
would drive a flow of the hydraulic fluid 
against a piston that, in turn, would push 
a rack -and -pinion gear system to spin a 
generator to charge a battery. 

The present system was conceived be- 
cause the previously proposed system 
was found to be too heavy and ineffi- 
cient for the intended application. The 
main difference between the present 
and previously proposed systems is that 
in the present system, the flow of hy- 
draulic fluid drives a hydraulic motor in- 
stead of a piston. 

The operational cycle of the present 
system involves three phases of flow of 
the hydraulic fluid and is best under- 
stood by reference to the figure. In 
phase 1, near the ocean surface, valve 1 
is held open and valves 2 and 3 are held 
closed, and the expansion of PCM upon 
heating to >10 °C pushes the hydraulic 
fluid through valve 1 into the bellows in 
a gas-spring/ bellows chamber, charging 



The PCM Expands and Contracts upon melting near the ocean surface and freezing at depth, respec- 
tively. The expansion and contraction causesthe hydraulic fluid to flow cyclically through the hydraulic 
motor to drive the alternator to charge the battery. 
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the chamber to an absolute pressure of 
about 3 kpsi (*21 MPa). In phase 2, valve 

2 is opened, allowing the pressurized hy- 
draulic fluid to flow through the hy- 
draulic motor and into the bellows in a 
second, lower-p re ssure gasnsp ring/ bel- 
lows chamber. Upon completion of this 
flow, valves 1 and 2 are closed and valve 

3 opened in anticipation of phase 3. In 
phase 3, which takes place upon cooling 
to <10 °C at depth, contraction of the 


PCM upon freezing reverses the pres- 
sure gradient in the plumbing, causing 
the hydraulic fluid to flow from the sec- 
ond gasnspring/ bellows chamber back to 
the chamber containing the PCM. 

This work was done by Yi Chao, Jack Jones, 
and Thomas Valdez of Caltech for NASA's Jet 
Propulsion Laboratory. Further information is 
contained in a TSP (seepage 1). 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 


invention. Inquiries concerning rights for its 
commercial use should be addressed to: 
Innovative Technology Assets Management 
JPL 

Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
E-mail: iaqffice@pl. nasa. gov 
Refer to NPO-45404, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


© Reflector Surface Error Compensation in Dual-Reflector Antennas 

Real-time detection and compensation of reflector surface errors is enabled for large reflector 
antennas such as inflatable antennas for Earth and space science applications. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


By probing the field on a small subre- 
flector at a minimal number of points, 
the main reflector surface errors can be 
obtained and subsequently used to de- 
sign a phase-correction subreflector 
that can compensate for main reflector 
errors. The compensating phase -error 
profile across the subreflector can be 
achieved either by a surface deforma- 
tion or by the use of an array of ele- 
ments such as patch antennas that can 
cause a phase shift between the incom- 
ing and outgoing fields. The second op- 
tion is of primary interest here, but the 
methodology can be applied to either 
case. The patch array is most easily im- 
plemented on a planar surface. There- 
fore, the example of a flat subreflector 
and a parabolic main reflector (a New- 
tonian dual reflector system) is consid- 
ered in this work. 

The subreflector is assumed to be a re- 
flector array covered with patch ele- 
ments. The phase variation on a subre- 
flector can be detected by a small 
number of receiving patch elements 
(probes). By probing the phase change 


at these few selected positions on the 
subreflector, the phase error over the 
entire surface can be recovered and 
used to change the phase of all the patch 
elements covering the subreflector 
plane to compensate for main reflector 
errors. This is accomplished by using a 
version of sampling theorem on the cir- 
cular aperture. 

The sampling is performed on the 
phase-error function on the circular 
aperture of the main reflector by a 
method developed using Zernike poly- 
nomials. This method is based upon 
and extended from a theory previously 
proposed and applied to reflector aper- 
ture integration. This sampling method 
provides for an exact retrieval of the co- 
efficients of up to certain orders in the 
expansion of the phase function, from 
values on a specifically calculated set of 
points in radial and azimuthal direc- 
tions in the polar coordinate system, on 
the circular reflector aperture. The cor- 
responding points on the subreflector 
are then obtained and, by probing the 
fields at these points, a set of phase val- 


ues is determined that is then trans- 
ferred back to the main reflector aper- 
ture for recovering the phase function. 
Once this function is recovered, the cor- 
responding phase function on the sub- 
reflector is calculated and used to com- 
pensate for main reflector surface 
errors. In going back and forth between 
sub and main reflectors, geometrical 
(ray) optics is employed, which even 
though it ignores edge diffraction and 
other effects, is shown to be accurate for 
phase recovery. 

This work has direct application to re- 
flector antennas, particularly large 
spaceborne inflatable antennas at X, Ka, 
and higher frequency bands. This 
method can also be effective in scanning 
or multi-beam reflector antenna systems 
in which the range of scan can be in- 
creased byphase -error compensation on 
the sub reflector. 

This work was done by Vahraz Jamnejad 
and William Imbriale of Caltech for NASA's 
Jet Propulsion Laboratory. For more informa- 
tion, contact iaqffice@pl.nasa.gov. NPO- 
45373 


^Enriched Storable Oxidizers for Rocket Engines 

These oxidizers could be stored at room temperature. 

Marshall Space Right Center, Alabama 


The name “enriched storable oxidiz- 
ers” (ESOs) has been coined for a family 
of optimized mixtures of between two 
and four oxidizer fluids. For most appli- 
cations, the constituents of these mix- 
tures would be nitrogen tetroxide 
(N 2 O 4 ), nitrous oxide (N 2 O), and nitro- 


gen dioxide (NO 2 ); in some applica- 
tions, the mixtures might include inhib- 
ited red fuming nitric acid [IRFN 
(which consists of red fuming nitric acid 
to which some hydrogen fluoride is 
added to reduce its corrosive effect]. 
The optimum proportions of these con- 


stituents would be different for different 
applications. ESOs were originally pro- 
posed for use in spacecraft and launch - 
rocket propulsion systems: ESOs could 
be especially useful in advanced space- 
craft propulsion systems that could oper- 
ate in multiple modes. ESOs might also 
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Specif ic Impulse Versus Oxidizer/ Fuel Ratio was calculated for methane burned with either (1) N2O4, 
(2) an E90 comprising a mixture of 65 mole percent of l\l 2 0 with 35 mole percent of N 2 0 4 , (3) N 2 0, or 
(4) liquid 0 2 .The combustion-chamber and exit pressures used in the calculations were 1,000 psi (~6.89 
MPa) and 0.05 psi (-345 Pa), respectively. Stoichiometry favors higher oxidizer/fuel ratios for the ESO 
than for liquid 0 2 ; this is fortuitous because, as the corresponding plots show, the higher mixture ratio 
yields higher specific impulse. 


be useful in special terrestrial applica- 
tions that could include ramjet and 
scramjet aircraft engines. 

ESOs would offer an attractive alter- 
native to liquid oxygen and other previ- 
ously known oxidizer fluids, including 
the individual constituents of these 
mixtures: 


• Unlike liquid oxygen and fluorine- 
based oxidizers, which must be stored 
under cryogenic conditions, ESOs 
could be stored at room temperature. 

• In comparison with most previously 
known oxidizer fluids other than oxy- 
gen, nitrous oxide, and nitrogen per- 
oxide, ESOs would be less toxic. 


• In comparison with most previously 
known oxidizer fluids other than ni- 
trous oxide, ESOs would be less corro- 
sive, and would be more chemically 
stable in storage. 

Calculations have shown that ESOs 
would offer high energy densities and 
that specificTmpulse levels attainable by 
use of ESOs would approach those at- 
tainable by use of liquid oxygen with 
two hydrocarbon fuels — RP-1 (rocket 
propellant 1 , which is similar to 
kerosene) and methane (see figure). 
ESOs would be hypergolic or nearly hy- 
per go lie with methane and RP-1 and 
with other fuels that include Jet-A (also 
similar to kerosene), hydrazine, and 
monomethyl hydrazine. A computa- 
tional simulation has predicted that 
onlybenign exhaust products would re- 
sult from burning methane or RP-1 with 
one of the ESOs (a mixture of 35 mole 
percent of N 2 O 4 with 65 mole percent 
ofN 20 ): These exhaust products would 
be primarily CO 2 , H 2 O, and N 2 , plus 
very small amounts of O 2 . 

This work was done by R. L. Sadcheim of 
Marshall Space Flight Center and J. R. 
Herdy ; Jr., of Qualis Corp. 

This invention is owned by NASA, and a 
patent application has been filed. For further 
information, contact Sammy Nabors, MSFC 
Commercialization Assistance Lead, at 
sammy.a.nabors@iasa.gov. Refer to MFS- 
32407-1. 


© Planar Submillimeter-Wave Mixer Technology With 
Integrated Antenna 

This technology can be used for terahertz radar imagers and in testing of quantum cascade lasers. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


High-performance mixers at tera- 
hertz frequencies require good match- 
ing between the coupling circuits such 
as antennas and local oscillators and the 
diode embedding impedance. With the 
availability of amplifiers at submillime- 
ter wavelengths and the need to have 
multi-pixel imagers and cameras, planar 
mixer architecture is required to have 
an integrated system. An integrated 
mixer with planar antenna provides a 
compact and optimized design at tera- 
hertz frequencies. Moreover, it leads to 
a planar architecture that enables effi- 
cient interconnect with sub millimeter- 
wave amplifiers. 

In this architecture, a planar slot an- 
tenna is designed on a thin gallium ar- 


senide (GaAs) membrane in such a way 
that the beam on either side of the mem- 
brane is symmetric and has good beam 
profile with high coupling efficiency. A 
coplanar waveguide (CPW) coupled 
Schottky diode mixer is designed and in- 
tegrated with the antenna. In this archi- 
tecture, the local oscillator (LO) is cou- 
pled through one side of the antenna 
and the RF from the other side, without 
requiring any beamsplitters or dip lexers. 
The intermediate frequency (IF) comes 
out on a 50-ohm CPW line at the edge of 
the mixer chip, which can be wire- 
bonded to external circuits. This unique 
terahertz mixer has an integrated single 
planar antenna for coupling both the 
radio frequency (RF) input and LO in- 


jection without any diplexer or beam- 
splitters. The design utilizes novel pla- 
nar slot antenna architecture on a 3-pm- 
thick GaAs membrane. 

This work is required to enable future 
multi-pixel terahertz receivers for astro- 
physics missions, and lightweight and com- 
pact receivers for planetary missions to the 
outer planets in our solar system. Also, this 
technology can be used in terahertz radar 
imaging applications as well as for testing 
of quantum cascade lasers (QCLs). 

This work was done kyGaitam Chattcpadhyay, 
Imran Mdidi, John J Gill Oioonsup Lee; and 
Nuria Llanbart cf Caltech for NASA's Jet Propul- 
sion Laboratory and Beirand Thomas cf Oak 
Ridge Associated Univ&sities. Further information 
is contained in a TSP (seepage 1). NPO46880 
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© Widely Tunable Mode-Hop-Free External-Cavity Quantum 
Cascade Laser 

This technology is suitable for spectroscopic applications, multi-species trace-gas detection, and 
measurements of broadband absorbers. 

Lyndon B. Jbhnson Space Center, Houston, Texas 


The external-cavity quantum cascade 
laser (EC-QCL) system is based on an 
optical configuration of the Littrowtype. 
It is a room4emperature, continuous- 
wave, widely tunable, mode-hop -free, 
midTnfrared, EC-QCL spectroscopic 
source. It has a single-mode tuning 
range of 155 cm -1 (»8% of the center 
wavelength) with a maximum power of 
11.1 mW and 182 cm -1 («15% of the 
center wavelength), and a maximum 
power of 50 mW as demonstrated for 5.3 
micron and 8.4 micron EC-QCLs, re- 
spectively This technology is particularly 
suitable for high -resolution spectro- 
scopic applications, multnspecies trace- 
gas detection, and spectroscopic meas- 
urements of broadband absorbers. 

Wavelength tuning of EC-QCL spec- 
troscopic source can be implemented by 
varying three independent parameters 
of the laser: (1) the optical length of the 
gain medium (which, in this case, is 
equivalent to QCL injection current 
modulation), (2) the length of the EC 
(which can be independently varied in 
the Rice EC-QCL setup), and (3) the 
angle of beam incidence at the diffrac- 
tion grating (frequency tuning related 


directly to angular dispersion of the grat- 
ing) . All three mechanisms of frequency 
tuning have been demonstrated and are 
required to obtain a true mode-hop-free 
laser frequency tuning. 

The precise frequency tuning charac- 
teristics of the EC-QCL output have been 
characterized using a variety of diagnos- 
tic tools available at Rice University (e.g., 
a monochromator, FTIR spectrometer, 
and a Fabry-Perot spectrometer). Spec- 
troscopic results were compared with 
available databases (such as HITRAN, 
PNNL, EPA, and NIST). These enable 
precision verification of complete spec- 
tral parameters of the EC-QCL, such as 
wavelength, tuning range, tuning charac- 
teristics, and line width. 

The output power of the EC-QCL is 
determined by the performance of the 
QC laser chip, its operating conditions, 
and parameters of the QC laser cavity 
such as mirror reflectivity or intracavity 
losses. In order to maximize the output 
power, an analysis and optimization of 
the EC laser parameters has been per- 
formed. The parameters of the beam 
emitted from the gain medium, such as 
divergence angle, beam profile, and 


astigmatism, have been investigated. 
The gain medium has been fully charac- 
terized before and after each stage of 
modification. The main modification 
steps are coating one facet of the gain 
chip with a high reflectivity mirror and 
the other facet with an an tk-e flection 
layer. Then the chip is mounted in the 
EC-QCL. The optomechanical design 
has been reviewed and improved to pro- 
vide for precise collimation of the 
strongly divergent beam of the QCL and 
the tuning diffraction grating. 

This work was done by Gerard Wysocki 
Robert F. Curl [ and Frank K. Tittel of Rice 
University for Johnson Space Center. Fur- 
ther information is contained in a TSP (see 
page 1). 

In a ccordan ce wi th Public Law 96-51 7, 
the contractor has elected to retain title to 
this invention. Inquiries concerning 
rights for its commercial use should be ad- 
dressed to: 

Rice University 

6100 Main St. 

Houston , TX 77005 

Refer to MSC-24486-1 , volume and num- 
ber of this NASA Tech Briefs issue, and the 
page number. 


© Non-Geiger-Mode Single-Photon Avalanche Detector With Low 
Excess Noise 

Applications include quantum key distribution for the financial industry and photon-starved 
optical communications needs. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


This design constitutes a self-resetting 
(gain quenching), room-temperature 
operational semiconductor single -pho- 
ton -sensitive detector that is sensitive to 
telecommunications optical wave- 
lengths and is scalable to large areas 
(millimeter diameter) with high band- 
width and efficiencies. 

The device can detect single photons 
at a 1,550mm wavelength at a gain of 1 x 
10 6 . Unlike conventional single photon 
avalanche detectors (SPADs), where 
gain is an extremely sensitive function to 
the bias voltage, the multiplication gain 


of this device is stable at 1 x 10 6 over a 
wide range of bias from 30.2 to 30.9 V 
Here, the multiplication gain is defined 
as the total number of charge carriers 
contained in one output pulse that is 
triggered by the absorption of a single 
photon. The statistics of magnitude of 
output signals also shows that the device 
has a very narrow pulse height distribu- 
tion, which demonstrates a greatly sup- 
pressed gain fluctuation. From the his- 
tograms of both pulse height and pulse 
charge, the equivalent gain variance (ex- 
cess noise) is between 1.001 and 1.007 at 


a gain of 1 x 10 6 . With these advantages, 
the device holds promise to function as 
a PMTTike photon counter at a 1,550- 
nm wavelength. 

The epitaxial layer structure of the de- 
vice allows photons to be absorbed in 
the InGaAs layer, generating electron/ 
hole (e-h) pairs. Driven by an electrical 
field in InGaAs, electrons are collected 
at the anode while holes reach the mul- 
tiplication region (InAlAs p4m struc- 
ture) and trigger the avalanche process. 
As a result, a large number of e-h pairs 
are created, and the holes move toward 
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The schematic diagram of the InGaAs-lnAsAs SFAD Layer Structure (a) and (b) the Concept of Opera- 
tion for the structure showing the self-quenching and self-recovery processes 


the cathode. Holes created by the ava- 
lanche process gain large kinetic energy 
through the electric field, and are con- 
sidered “hot”. These hot holes are 
cooled as they travel across a p -InAIAs 


low field region, and are eventually 
blocked by energy barriers formed by 
the InGaAsP/ InAIAs heterojunctions. 

The composition of the InGaAsP 
alloy was chosen to have an 80 meV 


valance band offset with InAIAs, which 
is high enough to hinder the transport 
of the already cooled holes. Being 
stopped by the energybarrier, holes are 
accumulated at the junctions to shield 
the electric field, resulting in a de- 
crease of the electric field in the multi- 
plication region. Because the impact 
ionization rate is extremely sensitive to 
the magnitude of the electric field, the 
fie Id screening effect drastically re- 
duces the impact ionization rate and 
quenches the output signals. 

After the avalanche pulse signal is self- 
quenched, the accumulated holes at the 
InGaAsP/ InAIAs interface escape the 
energy barrier through thermal excita- 
tion and tunneling and finally leave the 
device. The device is thus reset and 
ready for subsequent photon detection. 
This recovery time is controlled by the 
height of the energy barrier and the 
hole-cooling rate. 

This work was done by Kai Zhao and Yu- 
Hwa Lo of the University of California San 
Diego and William Farr of Caltech for 
NASA's Jet Propulsion Laboratory. Further 
information is contained in a TSP (see 
pagel). NPO45801 


©Using Whispering-Gallery-Mode Resonators for Refractometry 

Refractive and absorptive properties are inferred by correlating predictions with measurements. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A method of determining the 
refractive and absorptive proper- 
ties of optically transparent mate- 
rials involves a combination of 
theoretical and experimental 
analysis of electromagnetic re- 
sponses of wh ispe ring-gal lery- 
mode (WGM) resonator disks 
made of those materials. The 
method was conceived especially 
for use in studying transparent 
photorefr active materials, for 
which purpose this method af- 
fords unprecedented levels of sen- 
sitivity and accuracy The method 
is expected to be particularly use- 
ful for measuring temporally vary- 
ing refractive and absorptive 
properties of photore tractive ma- 
terials at infrared wavelengths. 
Still more particularly, the 
method is expected to be useful 
for measuring drifts in these prop- 
erties that are so slow that, hereto- 
fore, the properties were assumed 
to be constant. 



Time, hr 


This Tlme-vs.-Frequency Plot shows a saturating drift of the spec- 
trum of a WGM resonator made of a photo refractive material ex- 
posed to light. The discontinuity just before the 4-hour mark repre- 
sents a 1-hour exposure to ultraviolet light, after which the drift of 
the spectrum recommenced. 


The basic idea of the method 
is to attempt to infer values of 
the photorefiractive properties 
of a material by seeking to 
match (1) theoretical predic- 
tions of the spectral responses 
(or selected features thereof) 
of a WGM of known dimensions 
made of the material with (2) 
the actual spectral responses 
(or selected features thereof). 
Spectral features that are useful 
for this purpose include reso- 
nance frequencies, free spec- 
tral ranges (differences be- 
tween resonance frequencies of 
adjacently numbered modes), 
and resonance quality factors 
( Q values). 

The method has been demon- 
strated in several experiments, 
one of which was performed on a 
WGM resonator made from a 
disk of LiNb 03 doped with 5 per- 
cent of MgO. The free spectral 
range of the resonator was «3.42 
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GHz at wavelengths in the vicinity of 780 
nm, the smallest full width at half maxi- 
mum of a mode was *50 MHz, and the 
thickness of the resonator in the area of 
mode localization was 30 pm. In the ex- 
periment, laser power of 9 mW was cou- 
pled into the resonator with an effi- 
ciency of 75 percent, and the laser was 
scanned over a frequency band 9 GHz 


wide at a nominal wavelength of *780 
nm. Resonance frequencies were meas- 
ured as functions of time during several 
hours’ exposure to the laser light. The 
results of these measurements, plotted 
in the figure, show a pronounced collec- 
tive frequency drift of the resonator 
modes. The size of the drift has been es- 
timated to correspond to a change of 8.5 


x 10 -5 in the effective ordinary index of 
refraction of the resonator material. 

This work was don e by Audrey Matsko, Ana- 
toliy Savchenkov, Dmitry Strdcalov, Vladimir 
Iltchenko, and Lute Maldd of Caltech for 
NASA s Jet Prcpu Ision Laboratory. For more in- 
formation , contact iaqffics@plnasa.gov. NPO- 
42694 
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Bio-Medical 


RF Device for Acquiring Images of the Human Body 

This portable, simple system using a ring-shaped antenna array and planar circuit technology can 
serve as security in airports, mass transit locations, and power plants. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 



The RF Imaging Device can be used in security surveillance of large groups of people to detect con- 
cealed metal and non-metal weapons. 


A safe, n on-invasive method for form- 
ing images through clothing of large 
groups of people, in order to search for 
concealed weapons either made of metal 
or not, has been developed. A millimeter 
wavelength scanner designed in a unique, 
ring^haped configuration can obtain a 
full 360° image of the body with a resolu- 
tion of less than a millimeter in only a few 
seconds. Millimeter waves readily pene- 
trate normal clothing, but are highly re- 
flected by the human body and concealed 
objects. Millimeter wave signals are non- 
ionizing and are harmless to human tis- 
sues Mien used at low power levels. 

The imager (see figure) consists of a 
thin base that supports a small-diameter 
vertical post about 7 ft («2.13 m) tall. At- 
tached to the post is a square -shaped 
ring 2 in. («5 cm) wide and 3 ft («91 cm) 
on a side. The ring is oriented horizon- 
tally, and is supported halfway along one 
side by a connection to a linear bearing 
on the vertical post. A planar RF circuit 
board is mounted to the inside of each 
side of the ring. 

Each circuit board contains an array 
of 30 receivers, one transmitter, and 
digitization electronics. Each array ele- 
ment has a printed -circuit patch an- 
tenna coupled to a pair of mixers by a 
90° coupler. The mixers receive a refer- 
ence local oscillator signal to a subhar- 
monic of the transmitter frequency. A 
single local oscillator line feeds all 30 
receivers on the board. The resulting 
MHz IF signals are amplified and car- 
ried to the edge of the board where 
they are demodulated and digitized. 
The transmitted signal is derived from 
the local oscillator at a frequency offset 
determined by a crystal oscillator. 

One antenna centrally located on 
each side of the square ring provides the 
source illumination power. The total 
transmitted power is less than 100 mW, 


resulting in an exposure level that is 
completely safe to humans. The output 
signals from all four circuit boards are 
fed via serial connection to a data pro- 
cessing computer. The computer 
processes the approximately 1-MB data 
set into a three-dimensional image in a 
matter of seconds. 

The innovation is to configure the re- 
ceiver array in a ring topology surround- 
ing the scanned object. The ring is then 
scanned vertically to cover the necessary 
two-dimensional surface. This fabrica- 


tion of the ring is made possible by using 
planar antenna and circuit technology. 
A planar circuit board serves as a 
medium for both antennas and signal- 
processing components. Using this tech- 
nique, parts counts are kept low, and the 
cost per element is a small fraction of a 
wave guide -based system. 

This work was done by Todd C. Gaier and 
William R. McGrath of Caltech for NASAs Jet 
Propulsion Laboratory. Further information 
is contained in a TSP (see page 1 ). NPO- 
42662 
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©Reactive Collision Avoidance Algorithm 

Algorithm is used for safe operation of autonomous, collaborative, vehicle formations. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


The reactive collision avoidance 
(RCA) algorithm allows a spacecraft 
to find a fuel-optimal trajectory for 
avoiding an arbitrary number of collid- 
ing spacecraft in real time while ac- 
counting for acceleration limits. In ad- 
dition to spacecraft, the technology 
can be used for vehicles that can accel- 
erate in any direction, such as helicop- 
ters and submersibles. 

In contrast to existing, passive algo- 
rithms that simultaneously design tra- 
jectories for a cluster of vehicles work- 
ing to achieve a common goal, RCA is 
implemented onboard spacecraft only 
when an imminent collision is detected, 
and then plans a collision avoidance 
maneuver for only that host vehicle, 
thus preventing a collision in an off- 
nominal situation for which passive al- 
gorithms cannot. An example scenario 
for such a situation might be when a 
spacecraft in the cluster is approaching 
another one, but enters safe mode and 
begins to drift. Functionally, the RCA 
detects colliding spacecraft, plans an 


evasion trajectory by solving the Eva- 
sion Trajectory Problem (ETP), and 
then recovers after the collision is 
avoided. A direct optimization ap- 
proach was used to develop the algo- 
rithm so it can run in real time. 

In this innovation, a parameterized 
class of avoidance trajectories is 
specified, and then the optimal trajec- 
tory is found by searching over the pa- 
rameters. The class of trajectories is se- 
lected as “bang-off-bang” as motivated 
by optimal control theory. That is, an 
avoiding spacecraft first applies full ac- 
celeration in a constant direction, then 
coasts, and finally applies full accelera- 
tion to stop. 

The parameter optimization problem 
can be solved offline and stored as a 
look-up table of values. Using a look-up 
table allows the algorithm to run in real 
time. Given a colliding spacecraft, the 
properties of the collision geometry 
serve as indices of the look-up table that 
gives the optimal trajectory. For multi- 
ple colliding spacecraft, the set of tra- 


jectories that avoid all spacecraft is rap- 
idly searched on-line. 

The optimal avoidance trajectory is 
implemented as a receding-horizon 
model predictive control law. Therefore, 
at each time step, the optimal avoidance 
trajectory is found and the first time step 
of its acceleration is applied. At the next 
time step of the control computer, the 
problem is resolved and the new first 
time step is again applied. This contin- 
ual updating allows the RCA algorithm 
to adapt to a colliding spacecraft that is 
making erratic course changes. 

This work was done by Daniel Schatf, Be- 
hget Agikmese, Scott Ploen, and Fred Hadaegh 
of Caltech for NASA's Jet Propulsion Labora- 
tory. Further information is contained in a 
TSP (see page 1). 

The software used in this innovation is 
available for commercial licensing Please con- 
tact Dan id Broderick of the California Insti- 
tute of Technology at danidb@xdtech.edu. 
Refer to NPO-44 771. 


© Fast Solution in Sparse LDA for Binary Classification 

Special properties of binary classification and greedy algorithms enable speedup. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


An algorithm that performs sparse lin- 
ear discriminant analysis (Sparse -LDA) 
finds near-optimal solutions in far less 
time than the prior art when specialized 
to binary classification (of 2 classes). 
Sparse -LDA is a type of feature- or vari- 
able-selection problem with numerous 
applications in statistics, machine learn- 
ing, computer vision, computational fi- 
nance, operations research, and bioTn- 
formatics. Because of its combinatorial 
nature, feature- or variable -select ion 
problems are “NP-hard” or computa- 
tionally intractable in cases involving 
more than 30 variables or features. 
Therefore, one typically seeks approxi- 
mate solutions by means of greedy 
search algorithms. 


The prior Sparse -LDA algorithm was a 
greedy algorithm that considered the 
best variable or feature to add/ delete 
to/ from its subsets in order to maxi- 
mally discriminate between multiple 
classes of data. The present algorithm is 
designed for the special but prevalent 
case of “2 -class” or binary classification 
(e.g. 1 vs. 0, functioning vs. malfunction- 
ing, or change versus no change). The 
present algorithm provides near-optimal 
solutions on large real-world datasets 
having hundreds or even thousands of 
variables or features (e.g. selecting the 
fewest wavelength bands in a hyperspec- 
tral sensor to do terrain classification) 
anddoessoin typical computation times 
of minutes as compared to days or weeks 


as taken by the prior art. 

Sparse LDA requires solving general- 
ized eigenvalue problems for a large 
number of variable subsets (repre- 
sented by the submatrices of the input 
within-class and between-class covari- 
ance matrices). In the general (full- 
rank) case, the amount of computation 
scales at least cubically with the num- 
ber of variables and thus the size of the 
problems that can be solved is limited 
accordingly. However, in binary classifi- 
cation, the principal eigenvalues can 
be found using a special analytic for- 
mula, without resorting to costly itera- 
tive techniques. The present algorithm 
exploits this analytic form along with 
the inherent sequential nature of 
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greedy search itself. Together this en- 
ables the use of highly-efficient parti- 
tion ed^natrixTn verse techniques that 
result in large speedups of computa- 
tion in both the for ward selection and 


backward -elimination stages of greedy 
algorithms in general. 

This work was done by B aback 
Moghaddam of Caltech for NASA's Jet Propul- 
sion Laboratory. 


The software used in this innovation is 
available for commercial licensing. Please con- 
tact Dan id Broderick of the California Insti- 
tute of Technology at danidb@xdtech.edu. 
Refer to NP045333. 


© Modeling Common-Sense Decisions in Artificial Intelligence 

Common sense is implemented partly by feedback from mental to motor dynamics. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A methodology has been conceived 
for efficient synthesis of dynamical mod- 
els that simulate common^sense deci- 
sionmaking processes. This methodol- 
ogy is intended to contribute to the 
design of artificial-intelligence systems 
that could imitate human common- 
sense decision making or assist humans 
in making correct decisions in unantici- 
pated circumstances. This methodology 
is a product of continuing research on 
mathematical models of the behaviors 
of single- and multi-agent systems 
known in biology economics, and soci- 
ology, ranging from a single -cell organ- 
ism at one extreme to the whole of 
human society at the other extreme. 
Earlier results of this research were re- 
ported in several prior NASA Tech Briefs 
articles, the three most recent and rele- 
vant being “Characteristics of Dynamics 
of Intelligent Systems” (NPO-21037), 
NASA Tech Briefs , Vol. 26, No. 12 (De- 
cember 2002), page 48; “Self-Supervised 


Dynamical Systems” (NPO -30634), 
NASA Tech Briefs , Vol. 27, No. 3 (March 
2003), page 72; and “Complexity for 
Survival of Living Systems” (NPO- 
43302), NASA Tech Briefs , Vol. 33, No. 7 
(July 2009), page 62. 

The methodology involves the con- 
cepts reported previously, albeit viewed 
from a different perspective. One of the 
main underlying ideas is to extend the 
application of physical first principles to 
the behaviors of living systems. Models 
of motor dynamics are used to simulate 
the observable behaviors of systems or 
objects of interest, and models of men- 
tal dynamics are used to represent the 
evolution of the corresponding knowl- 
edge bases. For a given system, the 
knowledge base is modeled in the form 
of probability distributions and the 
mental dynamics is represented by mod- 
els of the evolution of the probability 
densities or, equivalently, models of 
flows of information. 


Autonomy is imparted to the decision- 
making process by feedback from men- 
tal to motor dynamics. This feedback re- 
places unavailable external information 
by information stored in the internal 
knowledge base. Representation of the 
dynamical models in a parameterized 
form reduces the task of commonnsense- 
based decision making to a solution of 
the following hetero-associatedmiemory 
problem: store a set of m predetermined 
stochastic processes given by their prob- 
ability distributions in such a way that 
when presented with an unexpected 
change in the form of an input out of 
the set ofM inputs, the coupled motor- 
mental dynamics converges to the corre- 
sponding one of the m pre-assigned sto- 
chastic process, and a sample of this 
process represents the decision. 

This work was done by Michail Zak of 
Caltech for NASA’s Jet Propulsion Labora- 
tory. Further information is contained in a 
TSP (see page 1). NPO-44114 
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Graph-Based Path-Planning 
for Titan Balloons 

A document describes a graph-based 
path -planning algorithm for balloons 
with vertical control authority and little 
or no horizontal control authority. The 
balloons are designed to explore celes- 
tial bodies with atmospheres, such as 
Titan, a moon of Saturn. The algorithm 
discussed enables the balloon to achieve 
horizontal motion using the local hori- 
zontal winds. The approach is novel be- 
cause it enables the balloons to use arbi- 
trary wind field models. This is in 
contrast to prior approaches that used 
highly simplified wind field models, 
such as linear, or binary, winds. 

This new approach works by discretiz- 
ing the space in which the balloon oper- 
ates, and representing the possible states 
of the balloon as a graph whose arcs rep- 
resent the time taken to move from one 
node to another. The approach works 
with arbitrary wind fields, by looking up 
the wind strength and direction at every 
node in the graph from an arbitrary 
wind model. Having generated the 
graph, search techniques such as Dijk- 
stra’s algorithm are then used to find the 
set of vertical actuation commands that 
takes the balloon from the start to the 
goal in minimum time. In addition, the 
set of reachable locations on the moon 
or planet can be determined. 

This work was done by Lars James Black- 
more, Nanaz Fathpour, and Alberto Elfes of 
Caltech for NASA's Jet Propulsion Laboratory. 
Further information is contained in a TSP 
(see page 1). NPO-46607 


Nanolaminate Membranes 
as Cylindrical Telescope 
Reflectors 

A document discusses a proposal to 
use axially stretched metal nano lami- 
nate membranes as lightweight para- 
bolic cylindrical reflectors in the Dual 
Anamorphic Reflector Telescope 
(DART) — a planned spaceborne tele- 
scope in which the cylindrical reflectors 
would be arranged to obtain a point 
focus. The discussion brings together a 
combination of concepts reported sepa- 
rately in several prior NASA Tech Brifs ar- 
ticles, the most relevant being 
“Nano lam in ate Mirrors With Integral 
Figure-Control Actuators” NPO-30221, 


Vol. 26, No. 5 (May 2002), page 90; and 
‘Reflectors Made From Membranes 
Stretched Between Beams” NPO -30571, 
Vol. 33, No. 10 (October 2009), page 
11a. The engineering issues receiving 
the greatest emphasis in the instant doc- 
ument are (1) the change in curvature 
associated with the Poisson contraction 
of a stretched nanolaminate reflector 
membrane and (2) the feasibility of 
using patches of poly(vinylidene fluo- 
ride) on the rear membrane surface as 
piezoelectric actuators to correct the 
surface figure for the effect of Poisson 
contraction and other shape errors. 

This work was done by Jennifer Dooley, 
Mark Dragovan, Gregory Hickey, and Shyh- 
Shiu Lih of Caltech for NASA's Jet Propulsion 
Laboratory. Further information is con- 
tained in a TSP (seepage 1). 

NPOA0797 


(f§) Air-Sea Spray Airborne 

Radar Profiler Characterizes 
Energy Fluxes in Hurricanes 

A report discusses ASAP (Air-sea Spray 
Airborne Profiler), a dual-wavelength 
radar profiler that provides measure- 
ment information about the droplet size 
distribution (DSD) of sea-spray, which 
can be used to estimate heat and mois- 
ture fluxes for hurricane research. Re- 
searchers have recently determined that 
sea spray can have a large effect on the 
magnitude and distribution of the air- 
sea energy flux at hurricane -force wind 
speeds. 

To obtain information about the 
DSD, two parameters of the DSD are re- 
quired; for example, overall DSD ampli- 
tude and DSD mean diameter. This re- 
quires two measurements. Two 
frequencies are used, with a large 
enough separation that the differential 
frequency provides size information. 
One frequency is 94 GHz; the other is 
220 GHz. These correspond to the 
Rayleigh and Mie regions. Above a sur- 
face wind speed of 10 m/ s, production 
of sea spray grows exponentially. Both 
the number of large droplets and the al- 
titude they reach are a function of the 
surface wind speed. 

This work was done by Stephen L. Durden 
and D. Esteban-Femandez of Caltech for 
NASA's Jet Propulsion Laboratory. Further 
information is contained in a TSP (see 
page If NPO-46537 


0 Large Telescope Segmented 
Primary Mirror Alignment 

A document discusses a broadband 
(white light) point source, located at the 
telescope Cassegrain focus, which gener- 
ates a cone of light limited by the hole in 
the secondary mirror (SM). It propa- 
gates to the aspheric nulknirror, which 
is optimized to make all the reflected 
rays to be normal to the primary mirror 
(PM) upon reflection. PM retro^eflects 
the rays back through the system for 
wavefront analysis. The point source and 
the wavefront analysis subsystems are all 
located behind the PM. The PM phasing 
is absolute (white light) and does not in- 
volve the SM. 

A relatively small, aspheric null-mir- 
ror located near the PM center of cur- 
vature has been designed to deliver 
the high level of optical wavefront cor- 
rection. The phasing of the segments 
is absolute due to the use of a broad- 
band source. The segmented PM is op- 
tically aligned independently and sep- 
arately from the SM alignment. The 
separation of the PM segments align- 
ment from the PM to the SM, and 
other telescope optics alignments, may 
be a significant advantage, eliminating 
the errors coupling. The “point 
source” of this concept is fully cooper- 
ative, unlike a star or laser-generated 
guide-star, providing the necessary 
brightness for the optimal S/N ratio, 
the spectral content, and the stable on- 
axis position. This concept can be im- 
plemented in the lab for the PM initial 
alignment, or made to be a permanent 
feature of the space-based or ground- 
based telescope. 

This work was done by Mayer Rud of Cal- 
tech for NASA's Jet Propulsion Laboratory. 
Further information is contained in a TSP 
(see page If NPO-47032 


0 Simplified Night Sky 
Display System 

A document describes a simple night 
sky display system that is portable, light- 
weight, and includes, at most, four com- 
ponents in its simplest configuration. 
The total volume of this system is no 
more than 10 6 cm 3 in a disassembled 
state, and weighs no more than 20 kilo- 
grams. The four basic components are 
a computer, a projector, a spherical 
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lights e fleeting first surface and mount, 
and a spherical second surface for dis- 
play. The computer has temporary or 
permanent memory that contains at 
least one signal representing one or 
more images of a portion of the sky 
when viewed from an arbitrary position, 
and at a selected time. The first surface 
reflector is spherical and receives and 
reflects the image from the projector 
onto the second surface, which is 
shaped like a hemisphere. 

This system maybe used to simulate 
selected portions of the night sky, pre- 


serving the appearance and kinesthetic 
sense of the celestial sphere surround- 
ing the Earth or any other point in 
space. These points will then show mo- 
tions of planets, stars, galaxies, nebulae, 
and comets that are visible from that po- 
sition. The images maybe motionless, 
or move with the passage of time. The 
array of images presented, and vantage 
points in space, are limited only by the 
computer software that is available, or 
can be developed. 

An optional approach is to have the 
screen (second surface) self-inflate by 


means of gas within the enclosed vol- 
ume, and then self-regulate that gas in 
order to support itself without any other 
mechanical support. 

This work was done by Timothy P. 
Castellano of Ames Research Center. Fur- 
ther information is contained in a TSP (see 
page 1). 

This invention has been patented by NASA 
(U. S. Paten t No. 7,438,422). Inqu iries con - 
ceming rights for the commercial use cf this 
invention should be addressed to the Ames 
Technology Partnerships Division at (650) 
604-5761. Refer to ARC-1 5437-1. 
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